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OBSERVATIONS  UPON  THE  MORPHOLOGY  OF  PARASITIC   AND 
CULTURAL  AMEB^.* 

Charles  F.  Craig,  M.D. 

{Captain,  Medical  Corps,  U.S.  Army,) 

{From  the  BacUriological  LahoraUry  of  ike  U.S.  Army  Medical  School, 

Waskin^on,  D,C.) 

Our  knowledge  regarding  the  amebae  parasitic  in  man 
and  their  differentiation  from  free-living  amebae  has  been 
greatly  extended  since  the  work  of  Schaudinn,^  published  in 
1903.  Several  new  parasitic  species  have  been  described 
and  it  has  been  definitely  proven  by  Hartmann,  Viereck,  Whit- 
more  and  others  that  the  amebae  cultivated  from  the  feces 
of  dysenteric  patients,  as  well  as  from  the  pus  of  liver 
abscesses,  are  in  reality  free-living  species,  having  nothing 
whatever  to  do  with  the  etiology  of  dysentery.  In  view  of 
the  interest  attaching  to  this  subject  I  have  thought  that  a 
comparative  morphological  study  of  stained  preparations  of 
certain  parasitic  species  and  of  a  cultural  ameba  would  be  of 
value  to  workers  in  parasitology,  and  in  the  present  paper 
the  results  are  given  of  such  a  study  of  Entameba  coli, 
Entameba  histolytica,  Entameba  tetragena,  and  of  a  culti- 
vated species  which  I  have  named  Ameba  lobospinosa. 

Historical.  —  Casagrandi  and  Barbagallo,^  in  1897,  lifter  a 
careful  study  of  intestinal  amebae,  reached  the  conclusion 
that  they  differed  markedly  in  morphology  and  in  life  history 
from  free-living,  water  amebae,  and  established  for  them  the 

♦  Received  for  publication  Jan.  a,  1912.      Published  with  permission  of  the  Surgeon 
General,  UJ5.  Army. 
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genus  Entameba.  In  1903  Schaudinn*  accepted  this  genus 
for  the  parasitic  amebae  of  man  and  differentiated  two 
species,  a  non-pathogenic  species  found  in  the  intestine  of 
a  large  proportion  of  healthy  individuals,  which  he  named 
Entameba  coli,  and  a  pathogenic  species,  found  in  the 
intestine  of  patients  suffering  from  amebic  dysentery,  which 
he  named  Entameba  histolytica. 

While  studying  amebae  in  soldiers  invalided  home  from 
the  Philippines  at  the  U.S.  Army  General  Hospital  in  San 
Francisco,  I  was  able  to  confirm  Schaudinn*s  results,  and 
published  my  work  in  1905,*  adding  to  it  in  another  contri- 
bution published  in  1908.^  Since  the  publication  of  my 
first  paper  the  work  of  Schaudinn  has  been  confirmed  by 
Hartmann  *  ( 1906-1908) ;  Viereck^  ( 1907)  ;  Wenyon  ® 
(1908);  Werner^  (1909);  Fantham^^  and  others,  and  the 
specific  value  of  Entameba  coli  and  Entameba  histolytica 
definitely  established. 

In  1907,  Viereck"  described  an  ameba  occurring  in 
patients  suffering  from  dysentery  contracted  in  Africa,  and 
during  the  same  year  an  independent  description  of  the  same 
organism  was  published  by  Hartmann  and  Prowazek.^* 
Viereck  called  the  parasite  Entameba  tetragena,  and  as  his 
publication  appeared  before  that  of  Hartmann  and  Prowazek, 
who  had  named  it  Entameba  africana,  Viereck's  name  must 
be  accepted  as  the  proper  zoological  name  of  this  species. 
These  observations  were  soon  confirmed  by  Bensen  ^  and  by 
Werner,"  and  in  19 10  I  was  able  to  confirm  the  presence  of 
this  parasite  in  a  soldier  who  had  contracted  dysentery  in 
the  Philippine  Islands.  In  the  publication  ^  relating  to  the 
demonstration  of  the  new  species  in  this  case,  I  stated  that 
Entameba  tetragena  is  a  frequent  cause  of  dysentery  in  the 
Philippines,  and  shortly  afterward  Whitmore's  important 
contribution  ^^  upon  parasitic  and  free-living  amebae  appeared, 
in  which  the  occurrence  of  Entameba  tetragena  in  the  Philip- 
pines was  confirmed.  He  was  unable  to  demonstrate  Entam- 
eba histolytica  in  his  material  (only  two  cases  are  cited) 
and  concludes  that  Entameba  tetragena  is  the  common 
cause   of  dysentery  in  Manila,  Entameba  histolytica  being 
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seldom  present.     He  was  also  able  to  confirm  the  occurrence 
of  Entameba  coli  in  the  Philippine  Islands. 

In  addition  to  these  three  well-defined  species  of  parasitic 
amebae,  numerous  other  species  have  been  described  as 
occurring  in  man,  as  Entameba  tropicalis,  Lesage."  1908; 
Entameba  minuta,  Elmassian,^^  1909;  and  Entameba  nip- 
ponica,  Koidzumi/  1909,  but  their  specific  value  is  still 
undecided  and  it  is  very  probable  that  they  all  belong  to  one 
or  the  other  of  the  three  species  already  mentioned. 

In  regard  to  the  position  of  cultural  amebae,  it  may  be  stated 
that  there  is  no  reliable  evidence  to  date  that  any  of  those 
which  have  been  cultivated,  from  any  source,  are  identical 
with  those  parasitic  in  man.  To  Musgrave  and  Clegg** 
belongs  the  credit  of  first  placing  the  cultivation  of  amebae 
upon  a  practical  basis,  but  unfortunately  these  investigators 
refused  to  accept  Schaudinn's  classification,  and  despite  the 
fact  that  their  cultivated  amebae  contained  a  contractile 
vacuole  (which  is  not  present  in  any  of  the  parasitic  amebae 
of  man),  and  that  the  life  cycle  differed  entirely  from  the 
parasitic  species,  they  concluded  that  their  cultural  amebae 
were  identical  with  those  concerned  in  the  etiology  of  dysen- 
tery. Their  conclusions  in  this  respect  were  based  largely 
upon  the  results  of  animal  experiments,  and  these  results 
were  certainly  very  significant  and  will  be  considered  later 
in  this  contribution. 

Since  the  work  of  Musgrave  and  Clegg  many  investigators 
have  confirmed  the  possibility  of  cultivating  amebae  from 
various  sources,  but  late  researches  have  proven  that  all  of 
the  cultivated  amebae  which  have  been  carefully  studied  are 
free-living  species  which  have  contaminated  the  material 
from  which  the  cultures  were  made.  This  subject  has  been 
very  carefully  investigated  by  Hartman  and  Werner,  and  in 
a  recent  paper  by  Whitmore  "  the  results  are  given  of  the 
study  of  cultures  of  amebae  from  dysenteric  feces  and  from 
the  pus  of  a  liver  abscess,  and  the  conclusion  reached  that 
all  of  the  amebae  obtained  in  the  cultures  were  free-living 
species  having  nothing  in  common  with  the  amebae  occur- 
ring as  true    parasites    in    man.     My   results,  to  be  given 
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later,  confirm  those  of  Whittnore,  and  I  think  that  it  may 
be  stated  as  a  fact  that  neither  Entameba  coli,  Entameba 
histolytica,  or  Entameba  tetragena  has  been  artificially 
cultivated. 

Material.  —  The  material  upon  which  the  observations  in 
this  paper  are  based  consists  of  the  notes  and  drawings  I 
have  made  during  several  years  study  of  amebae,  and  the 
recent  study  of  two  cases  of  infection  with  Entameba  tetra- 
gena, contracted  in  the  Philippines;  one  case  of  mixed 
infection  with  Entameba  histolytica  and  Entameba  tetra- 
gena, from  Panama ;  three  cases  of  infection  with  Entameba 
histolytica,  from  the  Philippines,  and  three  infections  with 
Entameba  coli.  The  cultural  material  consists  of  one 
culture  obtained  from  Doctor  Musgrave,  of  Manila,  and 
two  sent  to  this  laboratory  by  the  U.S.  Army  Board  for  the 
Study  of  Tropical  Diseases,  stationed  in  Manila,  P.I. 

In  regard  to  the  data  drawn  from  my  notes  I  would  say 
that  during  my  service  at  the  U.S.  Army  General  Hospital 
at  San  Francisco,  I  had  the  opportunity  of  studying  the 
amebae  from  one  thousand  and  thirty-six  cases  of  dysentery 
contracted  in  the  Philippines,  and  careful  records  and  draw- 
ings were  made  of  the  types  of  amebae  observed  in  these 
patients.  A  study  of  these  records  demonstrates  that  the 
majority  of  the  infections  were  due  to  Entameba  histolytica, 
but  a  considerable  proportion  were  due  to  Entameba  tetra- 
gena, which  had  not  then  been  demonstrated  as  a  distinct 
species.  During  my  work  in  San  Francisco  I  undoubtedly 
confused  Entameba  tetragena  with  both  Entameba  histolytica 
and  Entameba  coli,  regarding  organisms  belonging  to  the  for- 
mer species  as  atypical  examples  of  the  latter,  but  there  were 
hundreds  of  pure  infections  with  Entameba  histolytica,  as 
proven  by  the  morphology  and  life  cycle  of  the  amebas 
present,  and  by  the  fact  that  the  majority  of  the  patients 
never  showed  the  presence  of  the  typical  cystic  forms  of 
Entameba  coli  or  tetragena,  although  observed  for  long 
periods  of  time,  and  under  the  most  favorable  circumstances. 
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Technic.  —  The  amebae  were  studied  in  both  wet-fixed 
and  air-dried  preparations,  stained  with  Dalafield's  hema- 
toxylin, Wright's  modification  of  the  Romanowsky  stain, 
and  Giemsa's  stain.  The  wet-fixed  preparations  were  fixed 
in  sublimate  alcohol  as  recommended  by  Schaudinn,  and 
the  technic  of  staining  was  that  usually  employed  in  the 
study  of  this  class  of  organisms.** 

In  my  study  of  Entameba  coli  and  Entameba  histolytica," 
published  in  1908. 1  described  the  staining  reactions  of  these 
parasites  with  the  Wright  method  only,  for  the  reason  that 
the  paper  was  intended  as  an  aid  to  the  practitioner,  for 
whom  it  was  thought  the  more  complicated  methods  of 
staining,  preceded  by  wet-fixation,  would  be  unsuitable.  As 
the  method  described  in  that  contribution  was  sufiicient  for 
the  differentiation  of  the  two  species  of  amebx  studied,  and 
easy  of  application,  it  was  hoped  that  thus  a  ready  means 
of  distinguishing  between  the  harmless  and  pathogenic 
amebae  was  available,  but  unfortunately  some  writers  have 
concluded  that  my  work  is  based  entirely  upon  the  study 
of  preparations  stained  in  this  manner.  This  inference  is 
incorrect  as  much  of  my  material  has  been  stained,  after 
wet-fixation,  with  hematoxylin  and  other  stains  used  in  pro- 
tozoological  researches.  In  addition,  my  species  differentia- 
tions are  not  only  based  upon  properly  stained  specimens 
but  also  upon  the  morphology  and  life  histories  of  the  living 
amebx,  a  most  important  and  sadly  neglected  method  of 
studying  and  differentiating  these  organisms. 

However,  it  may  be  stated  that  preparations  properly 
stained  with  the  Wright  or  Giemsa  stain  are  exceedingly 
useful  in  differentiating  the  parasitic  amebae,  and  the  results 
obtained  with  these  stains  closely  approach  those  obtained 
with  wet-fixation  and  hematoxylin  staining,  although  the 
latter  methods  give  more  uniform  results  and  are  more 
valuable  in  the  study  of  morphological  details.  The  results 
obtained  in  the  study  of  the  parasitic  amebae  with  Wright's 
or  any  other  modification  of  the  Romanowsky  stain  depend 
entirely  upon  technic.  The  stain  must  be  carefully  extracted, 
the  amount  of  extraction  being  controlled  by  microscopic 
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examination,  and  if  this  is  properly  done  similar  results  are 
obtained  as  regards  morphology  as  those  obtained  with  the 
other  methods  mentioned.  Minchin,^*  in  discussing  the  stain- 
ing reactions  of  Trypanosoma  Lewisi  says :  "  That  when  the 
Romanowsky  stain  is  cautiously  extracted  the  nucleus  comes 
down  to  a  condition  similar  to  that  seen  after  other  stains 
(iron  hematoxylin,  etc.)  ;  "  and  this  statement  is  equally  true 
of  the  staining  reactions  of  the  parasitic  amebas  with  the 
Wright  or  Giemsa  modification. 

In  this  paper  I  have  described  the  morphology  of  wet- 
fixed  preparations  of  the  parasitic  amebae,  stained  with 
Delafield's  hematoxylin,  and,  in  addition,  have  noted  for  each 
organism  the  results  obtained  with  the  other  methods.  I 
believe  that  reference  to  the  illustrations  of  the  organisms 
described  will  show  that  there  is  not  as  much  difference  in 
the  results  obtained  by  the  various  methods  as  sonrie  authori- 
ties would  have  us  believe.  For  the  study  of  minute 
morphological  details  and  the  stages  in  the  division  of  the 
nucleus  of  amebae,  wet-fixation,  followed  by  staining  with 
Delafield's  or  Heidenhain's  iron  hematoxylin  should  be  used, 
but  a  great  deal  may  be  learned  from  specimens  stained  with 
Wright's  or  Giemsa's  stains  and  the  various  species  of  para- 
sitic amebae  may  be  well  differentiated  with  these  methods. 
Great  care  must  be  used  in  staining  amebae  by  any  of  the 
present  methods  if  fine  morphological  details-  are  to  be 
studied,  and  even  with  the  wet-fixation  and  hematoxylin 
methods  the  stain  has  to  be  very  carefully  extracted  if  good 
results  are  to  be  obtained. 

In  the  study  of  cultural  amebae  I  have  found  that  only  the 
wet-fixed,  hematoxylin  preparations  are  of  service,  as  the 
karyosome  of  the  nucleus  in  these  amebae  is  so  large  and 
the  amount  of  chromatin  so  great,  that  it  is  impossible  to 
secure  differentiation  of  the  nuclear  structures  with  either 
the  Wright  or  Giemsa  stain.  With  the  latter  the  entire 
nucleus  appears  as  a  spherical,  deeply-stained  body  without 
definite  morphological  details. 

The  morphology  of  amebae  in  stained  preparations  varies 
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at  different  stages  in  their  life  cycle,  and  in  this  paper  the 
morphology  of  the  vegetative  stage  of  development  will  first 
be  described,  followed  by  that  of  the  encysted  stage. 

Entameba  Coli.  (Loesch,  1875 ;  Emend  SchaudioD,  1903.) 
This  ameba  is  found  in  the  intestine  of  normal  individuals 
in  all  parts  of  the  world,  the  percentage  of  infection  varying 
from  five  to  seventy  in  different  localities.  The  organism  is 
non-pathogenic  and  is  chiefly  of  interest  because  it  is  so  often 
confused  with  the  pathogenic  amebae  causing  dysentery. 

Vegetative  stage  of  development.  —  During  this  stage  the 
size  of  the  parasite  varies  considerably  in  stained  specimens, 
measurements  of  from  five  to  fifty  microns  in  diameter  hav- 
ing been  recorded,  but  the  size  generally  averages  fifteen  to 
twenty-five  microns  in  the  wet-fixed  preparations. 

There  is  no  distinction  between  the  ectoplasm  and  the 
endoplasm  in  specimens  stained  with  hematoxylin,  but  in 
those  stained  with  the  Wright  or  Giemsa  stain  the  ectoplasm 
takes  a  light  blue  color  while  the  endoplasm  stains  a  darker 
blue  and  appears  much  more  granular.  The  vacuoles  show 
much  better  in  the  Wright  stained  preparations,  and  appear 
more  numerous.  The  endoplasm  often  contains  crystals  and 
numerous  bacteria  and  very  rarely  a  red  blood  corpuscle  may 
be  observed.  The  bacteria  are  more  readily  distinguished  in 
specimens  stained  with  one  of  the  modifications  of  the 
Romanowsky  method,  as  they  take  a  deep  red  or  purple 
color,  while  the  cytoplasm  of  the  ameba  is  stained  blue. 
The  stain  should  be  well  extracted,  especially  in  hematoxylin 
preparations,  if  the  structure  of  the  cytoplasm  is  to  be  dis- 
tinguished. 

The  nucleus  of  Entameba  coli  is  quite  characteristic  and 
varies  considerably  in  appearance  at  different  stages  in  the 
life  cycle  of  the  organism. 

In  preparations  wet-fixed  and  stained  with  hematoxylin  the 
nucleus  takes  a  dark  purple  color,  and  when  the  stain  has 
been  well  extracted  with  alcohol  or  acid  alcohol  the  structure 
is  beautifully  shown. 
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Before  division  the  nucleus  measures  from  five  to  eight 
microns  in  diameter  and  shows  a  well-marked,  intensely 
stained  karyosome,  situated  at  or  near  the  center,  which,  in 
some  instances,  contains  a  minute  centriole.  Surrounding 
the  karyosome  may  sometimes  be  seen  an  unstained  halo 
and  lying  between  the  latter  and  the  nuclear  membrane 
minute  granules  or  masses  of  chromatin  may  not  infrequently 
be  observed,  but  these  are  generally  small  in  number  and  are 
often  absent.  The  nuclear  membrane  stains  well,  is  generally 
of  considerable  thickness,  and  situated  upon  its  inner  side  are 
hemispherical  or  flattened  masses  of  chromatin,  which  may 
be  arranged  regularly  or  irregularly  around  the  membrane. 
In  some  instances  the  membrane  is  broken  into  deeply- 
stained  rod-like  masses  or  dots  of  chromatin,  separated  by 
unstained  intervals. 

The  nucleus  varies  much  in  appearance  in  different  amebae 
and  at  different  times,  due  perhaps  to  cyclical  changes  taking 
place  within  it,  or  to  the  staining  process,  but  one  is  always 
able  to  distinguish  the  karyosome  and  the  nuclear  membrane 
with  its  masses  of  chromatin,  during  the  period  before  the 
division  of  the  nucleus.  Reference  to  the  illustrations  will 
show  some  of  the  variations  which  are  most  frequently 
observed  (Plate  I.). 

In  the  small  or  young  amebae  the  nucleus  is  a  spherical 
body  having  a  well  defined  nuclear  membrane  and  a  very 
minute  karyosome.  In  such  amebae  the  nuclear  membrane 
appears  smooth,  no  masses  of  chromatin  being  situated  upon 
the  inner  surface,  nor  can  free  chromatin  be  demonstrated 
within  the  nucleus. 

During  the  vegetative  stage  of  development  Entameba 
coli  reproduces  by  simple  division  and  by  schizogony,  the 
latter  process  giving  rise  to  eight  daughter  amebae. 

In  organisms  undergoing  simple  division  the  nucleus 
shows  evidences  of  a  primitive  form  of  mitosis,  but  I  have 
never  observed  the  formation  of  an  equatorial  plate  or  a 
typical  nuclear  spindle  in  this  species,  although  such  appear- 
ances are  commonly  found  in  stained  specimens  of  cultural 
amebae.     Division  is  first  evidenced  in  the  karyosome,  which 
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may  sometimes  be  seen  divided  into  two  portions  connected 
by  a  delicate  filament  of  chromatic  substance.  In  those 
organisms  in  which  simple  division  of  the  nucleus  is  well 
advanced  the  nucleus  is  elongated,  the  karyosome  has  dis- 
appeared, and  two  deeply  stained  polar  bodies  are  present, 
which  may  be  connected  by  a  thread  of  chromatin  or  a  little 
amorphous  granular  material  may  lie  between  them,  the 
remains  of  the  chromatin  thread  originally  connecting  the 
dividing  portions  of  the  karyosome.  When  nuclear  division 
is  complete  two  nuclei  may  be  observed  within  the  body  of 
the  parasite,  each  having  a  thin  nuclear  membrane  and  a 
small  karyosome.  At  this  stage  of  development  the  nucleus 
is  quite  similar  to  that  of  Entameba  histolytica,  but  the  latter 
is  much  more  delicate  in  appearance,  the  nuclear  membrane 
being  much  thinner,  while  the  karyosome  is  often  absent  or 
consists  of  a  very  minute  dot  or  granule. 

The  cytoplasm  of  the  parasite  does  not  present  any  dis- 
tinctive features,  in  stained  specimens,  during  simple  division 
of  the  nucleus. 

In  organisms  undergoing  schizogony,  a  reproductive  pro- 
cess very  seldom  observed  in  my  experience,  the  nucleus 
appears  much  swollen  while  the  amount  of  chromatin  within 
it  and  upon  the  nuclear  membrane  is  greatly  increased,  the 
karyosome  being  invisible,  in  most  instances.  These  changes 
occur  at  the  beginning  of  the  process  and  are  followed  by 
the  collection  of  the  chromatin  in  eight  hemispherical  masses 
situated  within  the  nucleus  or  arranged  upon  the  inner  side 
of  the  nuclear  membrane,  in  a  very  regular  and  charac- 
teristic manner.  At  this  stage  of  development  the  chromatin 
stains  very  intensely  and  the  arrangement  of  the  chromatin 
masses  can  be  easily  studied. 

Eventually  the  nuclear  membrane  disappears  and  speci- 
mens are  observed  in  which  the  eight  small  masses  of 
chromatin  are  free  within  the  cytoplasm  of  the  parasite. 
A  nuclear  membrane  surrounds  the  chromatin  masses  and 
thus  the  daughter  nuclei  are  formed.  When  fully  developed 
each  nucleus  has  a  well-marked  nuclear  membrane  and  a 
small  karyosome,  and  they  are  arranged  somewhat  regularly 
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within  the  cytoplasm  of  the  parasite.  At  this  stage  of  repro- 
duction Entameba  coli  might  again  be  mistaken  for  Entam- 
eba  histolytica,  the  daughter  nuclei  being  confused  with 
the  chromidial  masses  found  in  the  cytoplasm  of  the  latter 
organism,  but  the  uniform  presence  of  eight  such  masses 
and  their  nuclear  structure  should  be  sufficient  to  prevent 
such  an  error.  The  young  amebae  produced  by  schizogony 
stain  deeply  and  have  the  same  nuclear  structure  as  those 
produced  by  simple  division. 

Cystic  stage  of  development.  —  When  conditions  are  unfav- 
orable for  the  vegetative  existence  of  Entameba  coli,  the 
organism  encysts  and  reproduction  occurs  within  the  cyst. 
Thus,  in  this  species  of  ameba  encystment  is  not  only  a 
protective  process  but  also  a  reproductive  one. 

The  cysts  measure  from  ten  to  twenty  microns  in  diameter 
and  have  a  distinct  wall  which  may  present  a  single  or  double 
outline,  in  fresh  preparations,  and  which  is  generally  smooth 
but  may  be  slightly  mammillated.  The  cytoplasm  stains  homor 
geneously  or  presents  a  slightly  granular  appearance,  while 
the  nucleus  or  daughter  nuclei  are  clearly  defined  in  well 
stained  preparations.  The  cytoplasm  sometimes  contains  one 
or  two  irregular  masses  of  chromatin,  staining  intensely,  and 
very  similar  in  appearance  to  those  occurring  in  the  cysts  of 
Entameba  tetragena  which  are  so  characteristic  of  the  cysts 
of  the  latter  organism.  Werner  ^  has  also  described  large 
chromatin  masses  in  the  cyst  of  Entameba  coli,  but  in  my 
experience  these  masses  are  much  more  irregular  in  shape 
and  smaller  in  size  than  those  characteristic  of  Entameba 
tetragena.    Frequently  the  cytoplasm  is  practically  unstained. 

The  cytoplasm  may  also  contain  rods,  filaments,  and 
granules  of  chromatin  in  those  organisms  in  which  the 
nucleus  is  not  visible,  and  one  or  more  vacuoles  may  some- 
times be  observed,  while  in  cysts  which  are  undergoing 
degeneration  the  entire  cytoplasm  may  be  filled  with  vacuoles, 
the  nucleus,  having  disappeared. 

Very  complicated  nuclear  changes  occur  during  reproduc- 
tion within  the  cyst  and  these  were  carefully  worked  out  by 
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Schaudinn  *  and  have  been  confirmed  by  numerous  author- 
ities. In  stained  preparations  it  is  very  difficult  to  be  sure 
of  the  various  steps  in  the  process  of  reproduction,  but  the 
following  morphological  details  may  be  observed  in  wet- 
Axed  specimens,  stained  with  Delafield's  hematoxylin. 

Evidences  of  the  primary  division  of  the  nucleus  within 
the  cyst  are  frequently  observed  and  the  process  is  identi- 
cal, so  far  as  I  have  been  able  to  determine,  with  that  occur- 
ring during  simple  division,  the  karyosome  first  dividing, 
followed  by  the  appearance  of  polar  bodies  in  the  nucleus, 
and  finally  by  the  division  of  the  nucleus  into  two,  the 
morphological  picture  being  the  same  as  that  described  in 
the  consideration  of  simple  division. 

The  morphology  of  the  process  of  autogamy,  which 
occurs  after  the  primary  division  of  the  nucleus,  is  obscure, 
but  cysts  are  frequently  observed  which  contain  from  one  to 
eight  nuclei,  and  I  have  seen  a  few  in  which  as  many  as  ten 
and  twelve  nuclei  could  be  counted.  The  most  common 
numbers  present  are  one,  two,  four,  six,  or  eight,  and  when 
the  process  of  nuclear  division  is  completed  the  cysts  of 
Entameba  coli  always  contain  eight  daughter  nuclei.  The 
parasites  showing  more  or  less  than  eight  nuclei  are  passing 
through  the  various  stages  in  the  process  of  reproduction 
and  it  will  be  found  that  the  eight-nucleated  cyst  is  most 
frequently  encountered  and  is  characteristic  of  this  species 
of  ameba. 

In  well  stained  specimens  the  daughter  nuclei  arc  spheri- 
cal in  shape,  have  a  distinct  nuclear  membrane,  which 
frequently  appears  much  thickened  at  some  portion  of  the 
periphery,  while  a  distinct  karyosome  may  or  may  not  be 
present.  Generally  the  karyosome  is  represented  by  a  few 
granules  of  chromatin  loosely  arranged  near  the  center  of 
the  organism,  and  dots  and  grains  of  the  same  material  may 
be  observed  scattered  throughout  the  nucleus,  or  collected 
in  minute  masses  upon  the  inner  side  of  the  nuclear  mem- 
brane. The  thickening  of  the  membrane  at  one  portion  of 
the  periphery  appears  to  be  due  to  the  concentration  of  the 
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chromatin,  and  is  quite  frequently  observed  in  the  cysts 
showing  from  four  to  six  nuclei. 

Cysts  are  also  observed  in  which  the  nucleus  cannot  be 
distinguished,  but  the  cytoplasm  contains  many  small  masses 
of  chromatin  or  the  entire  cyst  is  filled  with  deeply  stained 
granules  of  this  substance  of  uniform  size.  These  corre- 
spond to  the  cysts  described  by  Schaudinn,  in  which  the 
nucleus  liberates  its  chromatin  to  the  cytoplasm  and  the 
daughter  nuclei  are  developed  from  the  free  chromatin. 
Such  cysts  always  have  a  thick  membrane  which  may 
appear  mammillated. 

A  primitive  mitosis  may  be  demonstrated  during  the 
division  of  the  daughter  nuclei,  consisting  in  the  presence  of 
deeply  staining  polar  bodies  connected  by  more  or  less 
chromatic  material,  but  mitosis  is  never  so  typical  as  it  is  in 
the  nucleus  of  cultural  amebae.  In  fact,  the  division  of  the 
nucleus  in  Entameba  coli,  during  every  stage  of  its  develop- 
ment, differs  markedly  from  that  present  in  any  cultural 
ameba  I  have  studied,  and  this  is  also  true  of  nuclear  divi- 
sion in  the  other  parasitic  amebae  of  man. 

Degenerative  forms  of  Entameba  coli  are  frequently 
encountered  in  stained  preparations,  both  during  the  vege- 
tative and  encysted  stages  of  development,  and  have  often 
lead  to  confusion  in  the  differentiation  of  the  species.  In 
such  organisms  the  nucleus  may  be  invisible  or  devoid  of  a 
karyosome,  while  no  morphological  details  can  be  distin- 
guished because  of  the  diffuse  staining  of  the  nuclear  sub- 
stance. The  endoplasm  may  be  filled  with  vacuoles  and  free 
chromatin  may  be  present,  derived  from  the  degenerated 
nucleus.  In  the  cystic  stage  the  entire  cyst  may  be  vacuo- 
lated, the  daughter  nuclei  absent  or  deformed,  while  irregular 
masses  of  chromatin  may  be  scattered  throughout  the  cyto- 
plasm. These  degenerative  forms  have  in  the  past  led  to 
the  description  of  new  species  and  to  contradictions  in  the 
description  of  Entameba  coli  by  different  observers. 

The  staining  reactions  of  this  parasite  with  the  Wright 
or   Giemsa   stain    are   very  similar   to   those  obtained  with 
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wet-fixation,  followed  by  hematoxylin,  especially  if  the  speci- 
mens are  first  fixed  with  osmic  acid  vapor  or  sublimate 
alcohol.  I  am  fully  in  accord  with  the  conclusion  of  Wasiel- 
ewski  ^  that  specimens  so  fixed  and  then  stained  with  the 
Romanowsky  stain  or  its  modifications  give  most  beautiful 
pictures  of  the  morphology  of  this  class  of  parasites,  but 
the  results  cannot  be  said  to  be  as  uniform  and  greater  care 
is  needed  in  securing  good  specimens ;  so  that  for  morpho- 
logical studies  of  the  amebae  the  use  of  either  Delafield's 
hematoxylin  or  Heidenhain's  iron-hematoxylin  is  preferable. 
Unless  the  stain  is  very  carefully  extracted  after  the  use  of 
Wright  or  Giemsa's  solutions,  minute  morphological  details 
are  hidden  by  the  excessive  precipitation  of  the  chromatin 
stain.  The  nucleus  always  appears  larger  when  these  stains 
are  used,  as  does  the  karyosome,  which  frequently,  in  poorly 
washed  specimens,  fills  the  entire  nucleus,  thus  resembling 
the  karyosome  of  cultural  amebae.  For  species  differentia- 
tion these  stains  are  very  useful,  however,  and  the  poor 
results  reported  by  some  observers  have  been  due  to 
imperfect  staining  solutions  or  to  technical  errors.  The  study 
of  the  morphology  and  life  cycle  of  this  organism  in  living 
specimens  should  never  be  neglected  as  the  results  so 
obtained  are  even  better  than  those  arrived  at  from  the  study 
of  stained  preparations. 


Entameba  Histolytica.  (Schaudinn,  1903.) 
This  is  a  pathogenic  species  of  ameba,  the  cause  of  a  form 
of  dysentery  especially  prevalent  in  tropical  and  sub-tropical 
countries.  The  relative  frequency  of  this  species  and  of 
Entameba  tetragena  has  not,  as  yet,  been  determined,  but  in 
my  experience  the  majority  of  the  dysentery  patients  who 
contracted  the  disease  in  the  Philippines  between  1899  and 
1905  were  infected  with  this  parasite.  Entameba  histolytica 
has  been  demonstrated  in  the  Philippine  Islands,  Formosa, 
Cochin  China,  Siam,  India,  Africa,  South  America,  Panama, 
and  the  United  States. 

The   morphology   of  the    parasite,    in   common  with   all 
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amebae,  varies  greatly  at  different  stages  in  the  life  cycle. 
The  methods  of  reproduction  may  be  studied  in  both  the 
living  and  stained  organisms,  but  many  preparations  must  be 
examined  before  every  step  in  the  reproductive  processes 
can  be  demonstrated.  It  is  also  necessary  to  examine  prepa- 
rations from  patients  in  various  stages  of  the  disease  as  the 
acute  cases  show  only  the  vegetative  organisms,  the  sporulat- 
ing  stage  of  development  being  found  only  in  patients  in 
whom  the  disease  is  chronic  or  who  are  recovering  from  the 
infection.  Even  in  the  chronic  cases  the  process  of  sporula- 
tion  is  observed  only  during  periods  of  improvement,  never 
when  the  symptoms  are  acute. 

Vegetative  stage  of  development.  —  In  preparations  fixed 
with  sublimate  alcohol  and  stained  with  Delafield's  hema- 
toxylin the  morphology  of  this  species  of  ameba  is  well 
demonstrated. 

In  such  specimens  the  size  of  the  organism  varies  from 
fifteen  to  sixty  microns  in  diameter,  the  average  being  from 
twenty-five  to  fifty  microns.  The  shape  is  usually  spherical 
or  roughly  oval,  but  is  sometimes  very  irregular.  There  is 
no  distinction  between  the  ectoplasm  and  endoplasm,  the 
entire  cytoplasm  appearing  coarsely  granular,  and  it  may 
contain  one  or  more  vacuoles,  crystals  and  bacteria,  and  red 
blood  corpuscles  if  the  feces  contain  blood.  Not  infrequently 
the  cytoplasm  is  almost  filled  with  erythrocytes,  the  nucleus 
and  vacuoles  being  crowded  to  the  periphery  of  the  organism. 
Small  unstained,  or  dimly  stained,  oval  or  round  areas  are 
frequently  observed  in  the  cytoplasm  and,  during  certain 
stages  of  development,  innumerable  grains,  threads,  or  clumps 
of  chromatin  are  noted  throughout  the  parasite.  Vacuoles 
are  almost  always  present,  the  only  exceptions  being  the 
very  small,  or  young  amebae,  and  are  generally  multiple  in 
number,  frequently  containing  amorphous  material,  thus 
indicating  their  digestive  nature. 

The  nucleus  is  usually  invisible  in  the  living  parasite  but 
can  be  well  differentiated  in  stained  preparations.  It  varies 
considerably  in  size,  measurements  of  from  three  to  eight 
microns   having  been  recorded,  but   in  my  experience  the 
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average  diameter  of  the  nucleus  has  been  about  five  microns. 
The  nucleus  is  spherical  or  oval  in  shape  and  is  situated 
excentrically,  being  found  near  the  periphery  of  the  organism 
or  even  flattened  out  against  the  limiting  membrane  of  the 
parasite.  In  the  living  organism  the  nucleus  does  not 
appear  to  possess  a  limiting  membrane,  but  in  well  stained 
preparations  a  delicate,  deeply  stained  nuclear  membrane, 
not  over  a  line  in  thickness,  can  be  distinguished.  Upon 
the  inner  side  of  this  membrane  very  minute  granules  of 
chromatin  may  sometimes  be  distinguished,  while  a  very 
small  and  delicate  karyosome  may  be  observed  near  the 
center  of  the  nucleus,  usually  composed  of  a  single  dot  or 
small  mass  of  chromatic  substance.  I  have  never  been  able 
to  demonstrate  the  presence  of  a  centriole  in  the  karyosome 
of  this  species. 

Lying  in  the  hyaloplasm  between  the  karyosome  and  the 
nuclear  membrane  may  sometimes  be  seen  a  few  minute 
grains  of  chromatin  and  traces  of  a  linin  network,  but  many 
organisms  are  observed  in  which  the  nuclear  structure  con- 
sists only  of  a  delicate  nuclear  membrane  enclosing  the 
minute  karyosome  surrounded  by  an  unstained  substance. 
The  amount  of  nuclear  chromatin  at  this  stage  of  develop- 
ment of  Entameba  histolytica  is  much  less  than  in  either 
Entameba  coli  or  Entameba  tetragena  and  the  entire  nucleus 
is  small  and  more  delicate  in  appearance. 

Reproduction  during  the  vegetative  stage  occurs  by  simple 
division  and,  I  believe,  by  a  process  of  budding  or  gemma- 
tion, similar  to  the  process  of  sporulation  or  cyst-formation 
to  be  described  later,  but  in  which  no  resistant  spores  or 
cysts  are  developed. 

In  simple  division  the  nucleus  divides  by  a  primitive  mito- 
sis, the  karyosome  separating  into  two  very  minute  dots 
connected  by  a  delicate  chromatic  thread,  the  nucleus  at  the 
same  time  becoming  elongated.  When  the  process  is  further 
advanced  traces  of  a  nuclear  spindle  may  be  observed  in 
some  organisms,  but  I  have  never  seen  the  beautiful  mitotic 
figures  often  observed  in  cultural  amebae.  Rarely  an  organ- 
ism may  be  observed  containing  two  nuclei,  each  having  a 


Digitized  by  CjOOQIC 


1 6  CRAIG. 

delicate  nuclear  membrane  and  a  minute  karyosome.  After 
the  division  of  the  nucleus  the  cytoplasm  divides  into  two 
portions,  each  containing  one  of  the  nuclei,  and  thus  two 
amebae  are  produced. 

In  stained  preparations  from  acute  cases  of  dysentery  due 
to  Entameba  histolytica  organisms  are  sometimes  observed 
in  which  the  nucleus  has  disappeared  and  the  cytoplasm  is 
filled  with  irregular  masses  of  chromatin,  which,  in  some 
instances,  are  mostly  collected  at  the  periphery  of  the  parasite, 
and  are  apparently  being  extruded,  surrounded  by  a  portion 
of  cytoplasm.  I  believe  that  such  organisms  are  undergoing 
a  process  of  reproduction  analogous  to  the  schizogony  of 
Entameba  coli,  and  only  differing  from  true  sporulation  in 
that  resistant  spores  or  cysts  are  not  produced,  each  bud,  as 
it  may  be  called,  immediately  becoming  a  vegetative  ameba. 
In  the  living  specimen  I  have  seen  these  bodies,  after  being 
pinched  off  from  the  periphery  of  the  ameba,  develop 
ameboid  motion  and  move  away  from  the  parent  body.  The 
process  is  not  degenerative  in  character,  as  shown  by  the 
uniformity  in  size  of  the  bodies  (which  is  not  true  of  fragments 
produced  by  the  fragmentation  of  the  organisms)  and  by  the 
development  of  ameboid  motion  and  the  presence  of  a  nucleus 
in  the  daughter  amebae. 

Sporulating  or  cystic  stage  of  development.  —  In  the  feces 
of  dysentery  patients  who  are  recovering  from  the  infection 
forms  of  Entameba  histolytica  are  observed  which  are  never 
found  during  the  acute  stage  of  the  disease  or  when  acute 
symptoms  are  present  in  the  more  chronic  cases.  These 
forms,  which  Schaudinn  first  described  and  which  he  called 
"  sporulating  forms,"  are  characteristic  of  this  species  and  may 
be  well  studied  in  either  fresh  or  stained  preparations.  They 
result  in  the  formation  of  small  resistant  spores  or  cysts, 
which,  under  favorable  conditions,  become  vegetative  para- 
sites and  which  are  capable,  as  proven  by  Schaudinn,  of 
producing  typical  amebic  dysentery. 

The  process  of  reproduction  by  cyst  formation  in  this 
species,   stated   briefly,   consists  in   the  distribution  of  the 
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nuclear  chromatin  to  the  cytoplasm,  where  it  apparently 
multiplies,  collects  at  the  periphery  of  the  organism,  and  is 
budded  off,  surrounded  by  some  of  the  cytoplasm,  after  which 
each  little  mass  (which  is  thus  composed  of  chromatin  and 
cytoplasm)  becomes  surrounded  by  a  resistant  cystic  mem- 
brane. Organisms  illustrating  every  stage  of  this  process 
may  be  observed  in  both  fresh  and  well  stained  preparations. 

In  specimens  fixed  in  sublimate  alcohol  and  stained  with 
hematoxylin  the  first  evidence  of  the  process  is  observed  in 
the  nucleus,  which  appears  swollen  and  much  richer  in 
chromatin.  The  nuclear  membrane,  instead  of  being  repre- 
sented by  a  delicate  line  of  stained  material,  is  broken  and 
contains  granules  and  threads  of  chromatin,  while  the 
karyosome  has  disappeared,  the  hyaloplasm  containing  much 
loose  chromatic  material.  At  a  little  later  stage  in  the  pro- 
cess the  nuclear  membrane  has  disappeared  in  places  and  the 
cytoplasm  in  the  vicinity  of  the  nucleus  contains  threads  and 
granules  of  chromatin.  Still  later  the  nucleus  stains  very 
poorly,  is  free  from  chromatin,  and  is  crowded  against  the 
periphery  of  the  parasite,  appearing  as  a  flattened  disc  without 
definite  structure;  the  cytoplasm  is  filled  with  rods  and 
threads  of  chromatin  distributed  uniformly  throughout  it  or 
collected  in  minute,  loosely  arranged  masses,  most  numerous 
toward  the  periphery  of  the  parasite.  In  a  still  more  advanced 
stage  of  the  process  the  chromatin  is  found  distributed 
around  the  periphery,  being  concentrated  in  certain  areas, 
thus  causing  a  bulging  of  the  periphery.  The  final  stage  is 
observed  in  the  parasites  showing  appearances  like  those 
pictured  in  Plates  I.  (II.)»  and  II.  (I.),  the  chromatin  being 
surrounded  by  cytoplasm  and  the  spores  thus  formed  partially 
or  entirely  separated  from  the  parent  organism. 

After  separation  a  resistant  cyst  wall,  or  sheath,  as 
Schaudinn  called  it,  is  formed  around  each  spore.  This 
sheath  at  first  has  a  double  outline  and  is  colorless,  but  soon 
becomes  yellowish  or  brownish  in  color  and  the  contents 
obscured.  These  little  cysts  measure  from  three  to  seven 
microns  in  diameter  and  do  not  stain  well  by  any  method 
which    is    used    in     the    study   of    amebae,    so   that    it   is 
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impossible  to  follow  the  development  of  the  parasite  within 
the  cyst. 

The  morphology  of  Entameba  histolytica  in  preparations 
stained  with  the  Wright  or  Giemsa  stain  is  very  similar  to 
that  already  described,  with  the  exception  that  the  ectoplasm 
and  endoplasm  are  well  differentiated,  the  ectoplasm  staining 
a  very  dark  blue  while  the  endoplasm  takes  a  light  blue 
color.  The  chromatin  of  the  nucleus  stains  a  beautiful  pink 
or  red  color,  bacteria  a  very  dark  purplish  red,  and  the 
erythrocytes  a  yellowish  or  greenish  yellow.  The  stains 
must  be  well  extracted  in  order  to  obtain  fine  morphological 
details,  and  the  poor  results  obtained  by  some  observers  have 
been  due  to  failure  in  this  particular. 

The  nuclear  membrane  and  karyosome  are  well  differentiated 
in  properly  stained  specimens,  the  chromatin  staining  pink  or 
red,  while  in  those  organisms  undergoing  gemmation  or  sporu- 
lation  the  chromidia  throughout  the  cytoplasm  stain  intensely 
and  are  beautifully  shown.  Owing  to  the  intense  action  of 
the  chromatin  staining  element  in  these  stains  the  nucleus, 
as  well  as  the  chromidial  rods,  threads,  and  masses  appear 
considerably  larger  than  in  specimens  stained  with  hema- 
toxylin, but  careful  extraction  of  the  stain  will  remedy  this 
defect,  although  it  must  be  admitted  that  even  in  the  best 
stained  specimens  the  minute  morphological  details  of  the 
organism  do  not  show  as  clearly  as  in  specimens  properly 
stained  with  hematoxylin  after  fixation  with  sublimate  alcohol. 

In  specimens  stained  with  the  Wright  stain  the  nucleus, 
after  it  has  given  up  its  chromatin  to  the  cytoplasm,  stains  a 
duffuse  grayish  blue  color,  thus  indicating  that  all  of  the 
chromatin  has  been  distributed  to  the  cytoplasm,  the  remains 
of  the  nucleus  constituting  a  residual  degenerative  body. 

Degeneration  forms.  —  Degenerative  forms  of  Entameba 
histolytica  are  frequently  observed,  the  nucleus  staining 
atypically  or  not  at  all,  while  the  cytoplasm  is  poorly  stained 
or  filled  with  vacuoles.  Very  large  parasites  are  seen 
entirely  filled  with  erythrocytes,  the  nucleus  being  invisible 
or  much  swollen  in  appearance.     Many  of  these  degenerative 
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forms  arc  impossible  to  classify  and  may  be  mistaken 
for  Entameba  tetragena  or  Entameba  coli.  Indeed,  as 
Hartmann  has  shown,  Schaudinn  himself  worked  with  both 
species  without  differentiating  Entameba  tetragena  and 
undoubtedly  confused  degenerative  forms  of  the  latter 
organism  with  Entameba  histolytica  and  vice  versa.  How- 
ever, if  one  has  studied  the  species  in  both  living  and 
stained  preparations  these  degenerative  forms  will  cause 
little  confusion  and  the  study  of  the  life  cycle  will  enable  one 
to  be  sure  of  the  identity  of  the  parasite  under  observation. 
The  distinct  morphology  of  Entameba  histolytica,  its  pecu- 
liar method  of  reproduction  by  sporulation,  and  the  fact  that 
no  cysts  are  ever  found  in  pure  infections  with  this  species  at 
all  comparable  in  appearance  with  those  of  Entameba  coli 
or  Entameba  tetragena,  definitely  prove  the  right  of  Entam- 
eba histolytica  to  be  considered  a  distinct  species. 

Fragmentation  of  the  parasite  into  two  or  several  frag- 
ments is  often  observed  in  living  organisms,  and  sometimes 
fragmented  organisms  are  seen  in  stained  preparations. 
Some  authorities  have  stated,  without  any  evidence  whatever, 
that  such  fragmented  parasites  have  been  mistaken  by 
Schaudinn  and  others  for  sporulating  parasites,  but  such  a 
mistake  would  be  impossible  for  one  who  has  carefully 
studied  this  organism,  as  the  fragments  are  irregular  in  size 
and  shape  and  do  not  possess  a  nucleus  as  do  the  amebae 
produced  by  sporulation. 

The  not  infrequent  occurrence  of  clumps  of  bacteria  or 
protozoan  parasites  within  amebae  should  be  noted,  as  such 
bodies  might  be  mistaken  for  the  chromidial  threads  or 
masses  present  in  Entameba  histolytica  during  sporulation. 
I  do  not  believe  that  such  inclusions  would  cause  difficulty 
to  the  trained  observer,  but  it  is  well  to  remember  that  they 
occur  and  must  be  differentiated  from  chromidia. 

The  study  of  the  morphology  and  life  cycle  of  Entameba 
histolytica  in  fresh  preparations  of  feces  containing  the  para- 
sites should  not  be  neglected,  for  as  much  can  be  learned 
from  such  preparations  as  from  the  best  stained  specimens 
and  much  of  the  confusion  regarding  this  species  has  arisen 
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because   investigators    have    relied    entirely   upon    stained 
preparations. 

Entameba  Tetragena.     (Viereck,  1907.) 

Entameba  tetragena  is  a  pathogenic  ameba  which  has 
been  found  in  East  Africa,  Farther  India,  China,  the  Philip- 
pine Islands,  South  America,  Panama,  and  the  United  States. 
In  the  past  it  has  been  frequently  confused  with  Entameba 
histolytica  and  at  the  present  time  it  is  still  uncertain  which 
of  these  organisms  is  most  prevalent  in  localities  where 
amebic  dysentery  is  common.  From  my  own  experience  I 
would  be  inclined  to  believe  that  Entameba  histolytica  will 
be  found  to  be  the  most  common  in  the  Philippine  Islands, 
as  this  species  was  responsible  for  the  majority  of  cases  of 
dysentery  returned  from  those  islands  between  1899  and 
1905,  but  it  will  probably  be  found  that  in  certain  localities 
Entameba  tetragena  is  the  prevailing  species,  as  would  be 
indicated  by  Whitmore's^  results  in  the  examination  of 
dysentery  patients  in  Manila,  already  noted.  In  South 
America  and  in  Africa,  Entameba  tetragena  appears  to  be 
the  common  cause  of  amebic  dysentery,  although  both 
species  are  found  in  these  countries  as  well  as  in  Panama  and 
the  United  States. 

The  morphology  of  this  species  is  well  shown  in  wet-fixed, 
hematoxylin  stained  preparations  and  also  in  specimens 
stained  with  the  Wright  or  Giemsa  stain,  if  care  is  observed 
in  extracting  the  stain  by  washing  thoroughly  in  distilled 
water.  The  morphology  varies  in  different  stages  of  devel- 
opment and  many  preparations  must  be  examined  before  the 
various  stages  in  the  life  cycle  can  be  demonstrated. 

Vegetative  stage  of  development.  —  In  specimens  wet- 
fixed  and  stained  with  hematoxylin  the  following  morpho- 
logical details  may  be  observed  in  this  organism : 

The  size  of  the  parasite  varies  considerably.  Hartmann 
gives  from  twenty-five  to  forty  microns  as  the  usual  diameter, 
but  I   have  seen  organisms  as  small  as  fifteen  microns  in 
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diameter  and  as  large  as  forty-five  microns,  and  have  found 
the  average  diameter  to  be  about  thirty-five  microns. 

In  shape  Entameba  tetragena  is  roughly  spherical  or  oval 
in  stained  preparations  in  most  instances,  but  occasionally 
very  irregular  forms  are  observed  where  the  organisms  have 
been  fixed  while  in  motion. 

There  is  no  distinction  between  the  ectoplasm  and  endo- 
plasm  unless  the  specimens  have  been  fixed  with  osmic  acid 
vapor,  when  the  two  portions  of  the  cytoplasm  are  well 
differentiated.  The  ectoplasm  is  finely  granular  in  appear- 
ance while  the  endoplasm  is  coarsely  granular  and  contains 
bacteria,  crystals,  vacuoles,  and,  not  infrequently,  red  blood 
corpuscles.  The  vacuoles  generally  vary  in  number  from 
one  to  four  or  five,  but  dimly  stained  areas  are  almost  always 
present,  similar  to  those  in  Entameba  histolytica,  which  are 
probably  small  digestive  vacuoles;  often  the  cytoplasm  is 
stained  very  faintly  or  not  at  all. 

The  nucleus  is  well  defined  in  both  living  and  stained 
specimens,  measures  from  five  to  eight  microns  in  diameter, 
and  is  rich  in  chromatin.  The  nuclear  membrane  is  of  con- 
siderable thickness,  as  shown  in  hematoxylin  stained  speci- 
mens, and  small  dots  of  chromatin  sometimes  occur  upon  its 
inner  surface.  In  the  young  amebae  most  of  the  chromatin 
is  collected  in  a  mass  at  the  center  of  the  nucleus  forming  a 
deeply  stained  karyosome,  but  in  the  fully  developed  para- 
site the  chromatin  has  a  characteristic  arrangement  within 
the  nucleus,  either  being  scattered  upon  the  inner  side  of  the 
nuclear  membrane  and  as  minute  deeply  stained  masses  upon 
the  linin  network  between  the  membrane  and  the  karyosome, 
or  as  larger,  irregularly  shaped  masses  upon  the  inner  side 
of  the  nuclear  membrane.  The  karyosome  is  very  charac- 
teristic in  this  species,  being  large,  irregular  or  roughly 
spherical  in  shape,  and  sometimes  appears  to  have  a  distinct 
membrane.  It  often  appears  connected  with  the  nuclear 
membrane  by  delicate  filaments,  forming  a  dimly  stained 
network  (the  linin  network)  upon  which  occur  minute, 
deeply  stained  dots  of  chromatin.  A  centriole  is  generally 
present  consisting  of  a  deeply  stained  spherical  dot  or  mass 
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of  chromatin  surrounded  by  a  well  marked  unstained  halo, 
which  is  not  present  in  the  nucleus  of  any  other  ameba  I 
have  studied.  The  appearance  of  the  nucleus  m  stained 
preparations  is  well  shown  in  the  figures  illustrating  this 
species. 

The  only  form  of  reproduction  which  has  been  observed 
during  the  vegetative  stage  is  simple  division.  The  centriole 
may  be  seen  divided  into  two  minute  dots  lying  within  the 
karyosome,  while  later  the  karyosome  divides,  followed  by 
the  division  of  the  entire  nucleus  and  the  body  of  the  ameba. 
The  division  of  the  nucleus  occurs  by  a  primitive  mitosis,  but 
much  imagination  is  required  to  see  in  any  of  the  nuclear 
changes  during  division  the  mitotic  figures  which  are  com- 
monly observed  in  cells  showing  typical  mitotic  division. 

Hartmann^  has  described  certain  cyclical  changes  occur- 
ring in  the  nucleus  of  Entameba  tetragena  which  he  considers 
characteristic,  and  I  have  been  able  to  observe  several  of  the 
changes  in  the  appearance  of  the  nucleus  of  which  he  writes. 
The  karyosome  sometimes  appears  as  a  fine  network  enclos- 
ing an  unstained  area  within  which  lies  the  centriole,  while 
the  outer  border  of  the  karyosome  is  formed  of  deeply  stained 
dots  of  chromatin  arranged  in  a  circular  manner.  Again, 
the  karyosome  may  stain  uniformly  throughout  with  the 
exception  of  a  clear  unstained  halo,  around  the  centriole,  or 
the  halo  may  be  absent,  the  centriole  appearing  as  a  deeply 
stained,  almost  black  mass  within  the  karyosome.  Rarely 
the  entire  karyosome  is  surrounded  by  an  unstained  area, 
the  remainder  of  the  nucleus  presenting  a  dimly  stained 
network  having  arranged  upon  it  deeply  stained  dots  of 
chromatin  or  the  chromatin  may  be  arranged  in  band-like 
masses  near  the  nuclear  membrane.  These  changes  in  the 
morphology  of  the  nucleus  are  certainly  very  characteristic 
of  this  species  for  I  have  never  observed  anything  approach- 
ing them  in  the  nucleus  of  Entameba  coli  or  Entameba 
histolytica. 

Besides  the  typical  vegetative  forms  which  have  been 
described,  organisms  are  seen  in  which  the  cytoplasm  con- 
tains chromidia  evidently  derived  from  the  nucleus.     These 
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chromidial  masses  vary  much  in  size  and  shape  but  are 
usually  spherical,  oval,  or  spindle  shaped,  and  of  consider- 
able size.  The  spindle  shaped  masses  of  chromatin  are 
frequently  observed  and  in  the  degenerative  forms  the 
chromatin  may  occur  in  the  form  of  long  delicate  threads 
arranged  in  bunches  throughout  the  cytoplasm.  It  has  been 
shown  that  chromidial  rods,  threads,  and  small  masses  also 
occur  in  Entameba  histolytica,  but  in  Entameba  tetragena 
the  masses  are  generally  much  larger  and  are  not  arranged 
about  the  periphery  of  the  organism  as  is  the  case  in  Entam- 
eba histolytica  nor  are  they  budded  off  from  the  parasite 
to  form  young  amebae  or  encysted  spores.  Nevertheless, 
this  stage  of  the  development  of  Entameba  tetragena  has 
caused  the  organism  to  be  confused  with  Entameba  histolytica 
in  the  past  and  the  mistake  may  easily  be  made  by  one 
unaccustomed  to  the  study  of  these  parasites. 

Encysted  stage  of  development.  —  When  conditions  are 
unfavorable  to  vegetative  existence  Entameba  tetragena 
forms  cysts  containing  four  daughter  amebae.  These  cysts 
are  not  observed  in  every  infection  and  therefore  it  is  not 
always  possible  to  have  the  aid  of  these  very  characteristic 
bodies  in  the  differentiation  of  this  species. 

The  organisms  which  become  encysted  always  contain  more 
or  less  chromidia  in  the  cytoplasm  and  when  the  cyst  is 
fully  developed  this  chromidia  will  be  found  collected  into 
one  or  more  spindle  shaped  masses,  which  stain  deeply  and 
are  of  large  size.  The  cysts  measure  from  seven  to  twenty 
microns  in  diameter,  the  average  diameter  being  about  fifteen 
microns.  The  small  cysts  are  probably  degenerative  bodies 
as  it  is  seldom  that  any  division  of  the  nucleus  can  be  seen 
within  them,  and  often  the  nucleus  is  absent.  A  double 
contoured  membrane  is  often  observed  in  fresh  preparations, 
but  is  generally  obscured  in  stained  preparations.  The 
cytoplasm,  except  for  the  masses  of  chromatin  already  men- 
tioned, stains  uniformly  throughout,  the  organism  before 
encystment  having  rid  itself  of  bacteria,  erythrocytes,  and 
other   foreign  bodies.     The    nucleus  in  the  young   cysts  is 
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round  or  oval  in  shape,  and  prior  to  division  presents  the 
same  morphology  as  in  the  vegetative  stage  of  development, 
although  the  nuclear  membrane  often  appears  thickened  and 
the  periphery  of  the  karyosome  stains  very  intensely.  The 
primary  division  of  the  nucleus  within  the  cyst,  so  far  as 
shown  in  stained  specimens,  is  very  similar  in  morphology  to 
that  occurring  during  simple  division,  but  a  very  long,  atypi- 
cal spindle  is  formed,  the  chromatin  being  scattered  in 
deeply  staining  dots  throughout  it  or  collected  in  a  crescent 
shaped  body  at  each  pole.  Each  of  the  two  nuclei  produced 
by  the  primary  division  possess  a  nuclear  membrane  and 
contain  considerable  chromatin  collected  in  a  mass  near  the 
center  or  at  one  pole,  while  chromatin  granules  are  present 
arranged  quite  uniformly  upon  a  delicate  network  which 
stains  very  dimly.  These  two  nuclei  each  divide,  thus  pro- 
ducing a  four-nucleated  cyst,  and  this  number  of  nuclei  is 
never  exceeded  in  this  species,  a  fact  which  serves  to  dis- 
tinguish these  cysts  from  those  of  Entameba  coli,  which  may 
contain  more  than  the  eight  nuclei  which  are  always  found 
when  the  cysts  of  the  latter  parasite  are  fully  developed. 
Thus,  if  only  four  nucleated  cysts  are  present  in  an  infection 
one  may  be  sure  that  Entameba  tetragena  is  the  species 
present,  while  the  eight-nucleated  cyst  is  just  as  characteristic 
of  Entameba  coli. 

In  the  cysts  showing  four  nuclei  the  spindle  shaped  masses 
of  deeply  staining  chromatin  already  mentioned  arc  often 
observed  to  have  disappeared,  thus  indicating  that  resorption 
of  this  substance  has  occurred.  Some  authorities  have  sug- 
gested that  these  masses  are  extruded  from  the  organism,  but 
as  they  are  present  after  the  cyst  wall  is  fully  developed  I 
believe  that  it  is  very  improbable  that  extrusion  occurs. 

The  staining  reactions  of  Entameba  tetragena  with  the 
Wright  and  Giemsa  stain  are  similar  to  those  described,  but 
here,  as  in  the  case  of  Entameba  coli  and  Entameba  histoly- 
tica, the  chromatin  staining  is  heavier  and  fine  morphological 
details  are  hidden  unless  the  stains  are  well  extracted.  With 
these  stains  the  ectoplasm  and  endoplasm  are  not  as  well 
differentiated  as  in  the  other  parasitic  amebae  of  man,  the 


Digitized  by  CjOOQIC 


MORPHOLOGY  OF  PARASITIC  AND   CULTURAL  AMEBiE.      2$ 

cytoplasm  generally  staining  a  deep  blue  throughout.  The 
nuclear  chromatin  and  chromidial  bodies  stain  a  pink  or  red, 
while  bacteria,  erythrocytes,  etc.,  stain  as  in  Entameba 
histolytica.  The  nuclear  membrane  stains  a  dark  blue  unless 
very  rich  in  chromatin. 

Degenerative  forms  of  this  species  are  frequently  observed 
in  stained  preparations  and  vary  greatly  in  appearance. 
Organisms  are  seen  entirely  filled  with  vacuoles,  the  nucleus 
having  disappeared.  The  nucleus  may  stain  atypically,  the 
karyosome  filling  nearly  the  entire  nucleus,  thus  causing  it  to 
assume  the  appearance  commonly  observed  in  the  nucleus  of 
cultural  amebae;  the  centriole  is  often  absent  while  the 
nuclear  membrane  may  appear  much  thickened  and  very 
irregular  in  outline.  In  some  instances  the  nucleus  is  broken 
up  and  the  chromatin  is  scattered  in  the  cytoplasm  in  the 
form  of  spherical  bodies  or  threads,  and  such  organisms  are 
difficult  to  differentiate  from  the  pre-cystic  forms  described. 

Degenerated  cysts  are  sometimes  observed  in  which  the 
nucleus  has  disappeared  or  an  atypical  nucleus  is  present 
surrounded  by  deeply  stained  masses  of  chromatin  or  by 
vacuoles.  All  of  these  degenerative  forms  are  easily  recog- 
nized when  carefully  studied  and  should  lead  to  no  confusion 
in  the  recognition  of  the  species,  although  they  have  done 
so  in  the  past. 


Ameba  Lobospinosa.    (Nov.  Sp.) 

The  cultural  ameba  herewith  described  and  which  I  have 
named  Ameba  lobospinosa  because  of  the  peculiar  mor- 
phology of  its  pseudopodia,  has  a  most  interesting  history. 
It  was  first  cultivated  from  a  dysenteric  stool  by  Doctor 
Musgrave,  of  Manila,  who  described  it  as  Ameba  11524  of 
his  series  of  cultural  amebae,  and  one  of  the  cultures  I  have 
studied  is  descended  directly  from  a  culture  he  sent  to  the 
Army  Medical  Museum  during  1905.  I  have  also  studied 
two  other  cultures  of  the  same  species  originally  sent  to  the 
Museum  by  the  United  States  Army  Board  for  the  Study  of 
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Tropical  Diseases,  from  Manila,  in  May,  1908.  It  will  thus 
be  seen  that  this  ameba  has  been  cultivated  for  a  period  of 
nearly  six  years  from  the  Musgrave  culture  and  a  period  of 
three  years  from  the  Tropical  Board  cultures,  and  during 
this  time  the  morphology  of  the  organism  has  not  changed 
and  the  life  cycle  remains  the  same  as  in  the  original  cultures. 
One  of  the  Tropical  Board  cultures  was  obtained  from  a 
dysenteric  stool  while  the  other  was  obtained  from  the  pus  of 
an  amebic  abscess  of  the  liver. 

In  a  future  communication  I  hope  to  describe  this  ameba 
in  detail,  but  here  will  only  mention  the  chief  morphological 
characteristics.  The  organism  is  described  as  a  new  species 
because  of  the  characteristics  of  the  pseudopodia  which 
serve  to  distinguish  it  from  any  other  cultural  ameba  I  have 
studied. 

In  the  living  organism  the  ectoplasm  is  well  differentiated 
from  the  endoplasm  when  the  ameba  is  in  motion  but  cannot 
be  differentiated  when  motion  is  absent.  The  pseudopodia, 
composed  of  clear  refractile  ectoplasm,  may  be  either  lobose 
or  typically  spinose  in  shape,  as  first  noted  by  Musgrave, 
and  not  infrequently  spinose  prolongations  of  a  lobose 
pseudopodium  may  be  observed.  The  spinose  pseudopodia 
are  extended  very  rapidly  and  often  as  rapidly  withdrawn,  so 
that  sometimes  it  is  rather  difficult  to  distinguish  them.  The 
pseudopodia  are  very  frequently  multiple,  as  many  as  six  or 
even  eight  being  projected  at  the  same  time  from  the  periph- 
ery of  the  ameba.  Lobose  pseudopodia  are  present  when 
the  organism  is  actively  motile,  although  at  the  same  time 
spinose  pseudopodia  may  be  observed.  A  well  defined 
nucleus  is  present  and  a  single  contractile  vacuole.  In  the 
vegetative  stage  this  species  reproduces  by  simple  division, 
the  nucleus  showing  well-defined  mitotic  figures  during 
division.  Under  unfavorable  cultural  conditions  this  ameba 
encysts  readily,  each  cyst  containing  only  one  nucleus,  and, 
when  conditions  are  again  favorable,  a  single  ameba  is 
liberated  from  the  cyst. 

Vegetative  stage  of  development.  —  In  specimens  fixed  in 
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sublimate  alcohol  and  stained  with  Delafield's  hematoxylin 
this  ameba  resembles  quite  closely  the  one  described  by 
Whitmore*^  as  Ameba  Umax,  Subspecies  M.I.,  which  he 
obtained  in  cultures  from  dysenteric  stools  in  Manila,  but 
varies  in  size  and  in  the  peculiar  character  of  the  pseudo- 
podia. 

The  size  of  this  ameba  varies  between  eight  and  twenty- 
five  microns  in  diameter,  the  average  being  about  sixteen 
microns.  In  shape  the  organisms  are  usually  roughly 
spherical  or  oval  but  sometimes  irregular  forms  are  observed 
in  those  instances  in  which  the  amebae  have  been  fixed 
while  in  active  motion. 

The  nucleus  is  very  rich  in  chromatin  which  is  collected 
in  a  compact,  deeply  stained,  spherical  mass,  nearly  filling 
the  nucleus,  and  forming  a  very  large  karyosome.  This 
mass,  or  karyosome,  is  surrounded  by  a  clear  unstained 
area  devoid  of  chromatin,  which,  in  turn,  is  surrounded  by  a 
zone  of  fine  chromatic  granules  forming  an  irregular  and 
poorly  stained  nuclear  membrane.  A  centriole  is  not  gen- 
erally visible  in  the  karyosome,  owing  to  the  dense  staining 
of  the  latter,  but  in  specimens  which  have  been  thoroughly 
extracted  with  acid  alcohol  a  centriole  is  sometimes 
observed,  consisting  of  one  or  two  deeply  stained  dots  lying 
near  the  center  of  the  karyosome.  In  this  species  there  is 
no  evidence  of  the  achromatic  network  which  is  so  well 
seen  in  the  nucleus  of  Entameba  tetragena,  nor  are  free 
chromatin  granules  observed  in  the  unstained  area  surround- 
ing the  karyosome  or  upon  the  inner  side  of  the  nuclear 
membrane*  In  many  organisms  the  nuclear  membrane 
cannot  be  differentiated  from  the  cytoplasm,  the  nucleus 
consisting  of  a  large  karyosome  surrounded  by  an  unstained 
border. 

The  cytoplasm  contains  large  numbers  of  the  bacteria 
growing  in  symbiosis  with  the  ameba,  and  in  many  organisms 
a  single  large  vacuole  may  be  observed  while  small  unstained 
oval  or  round  areas  are  often  noted,  as  in  the  parasitic 
amebae. 

Reproduction   during   the   vegetative   stage  is  often  well 
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shown  in  stained  preparations  and  consists  in  simple  division, 
the  nucleus  showing  well-defined  mitotic  figures.  Organisms 
are  observed  in  which  the  karyosome  is  greatly  lengthened, 
as  well  as  the  entire  nucleus,  and  sometimes  evidences  of 
the  division  of  the  centriole  are  noted  in  well  extracted 
specimens.  A  later  stage  in  division  is  shown  in  organisms 
having  deeply  stained  crescentic  bodies  at  each  pole  of  the 
nucleus  connected  by  fine  filaments  of  poorly  stained 
material,  forming  a  well  defined  spindle.  An  equatorial 
plate  is  not  infrequently  observed  consisting  of  a  band  of 
deeply  stained  chromatin  stretching  across  the  spindle  mid- 
way between  the  polar  bodies,  and  often  a  distinct  division 
of  this  plate  into  two  rows  of  deeply  staining  granules  may 
be  observed.  Still  later  the  equatorial  plate  and  spindle  are 
observed  to  have  disappeared  and  the  nucleus  is  divided  into 
two  portions,  spherical  in  shape,  and  having  a  compact 
karyosome  and  a  diffusely  stained  nuclear  membrane. 

In  this  species  the  mitotic  division  of  the  nucleus  may  be 
easily  studied  and  is  very  typical  when  compared  with  the 
very  primitive  form  of  mitosis  observed  in  the  nucleus  of 
the  parasitic  amebae. 

I  have  seen  no  evidence  of  budding  in  this  species, 
although  not  infrequently  small  portions  of  cytoplasm  are 
pinched  off  from  the  organism.  These  are  not  nucleated 
and  undergo  no  further  development,  and  therefore  the 
process  is  probably  a  degenerative  one. 

Cystic  stage  of  development. — Ameba  lobospina  pro- 
duces cysts  readily  whenever  the  cultural  conditions  are 
unfavorable  to  vegetative  reproduction.  The  cysts  measure 
from  eight  to  fifteen  microns  in  diameter,  the  average  being 
about  ten  microns.  The  young  cysts  are  spherical  in  shape, 
but  as  they  grow  older  the  cyst  wall  thickens  and  contracts 
unequally,  thus  producing  irregular  forms,  often  quadri- 
lateral or  pyramidal  in  shape.  The  cyst  wall  is  smooth  and 
has  a  double  contour  at  first  but  later  may  become  rough  or 
even  appear  mammillated.  Old  cysts  often  have  a  very  thick 
wall  and  appear  cracked  or  folded  over  in  places  as  shown 
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in  Plate  II.  (IV.).  The  cytoplasm  of  the  cyst  is  generally 
free  from  vacuoles  and  bacteria  and  contains  a  single  nucleus 
having  a  large  karyosome  surrounded  by  an  unstained  area. 
The  nucleus  is  usually  situated  near  the  center  of  the  cyst. 
I  have  never  seen  more  than  one  nucleus  in  a  cyst  nor  have 
I  observed  any  evidences  of  division  of  the  nucleus  within 
the  cyst.  Under  favorable  conditions  the  cyst  liberates  a 
single  ameba  and  it  therefore  follows  that  in  this  species 
encystment  is  a  protective  process  only,  and  not  also  repro- 
ductive as  in  the  parasitic  amebae  of  man. 

In  this  species  of  ameba  I  have  never  observed  any  evi- 
dence of  spore  formation  which  has  been  described  for  some 
cultural  amebae  by  Walker,*^  Greig  and  Wells,**  Noc,®  and 
others,  but  upon  one  culture  plate  small  spherical  protozoan 
organisms  developed  which,  when  engulfed  by  the  amebae, 
resembled  the  spores  described  by  some  writers,  especially 
in  the  stained  preparations.  I  have  seen  similar  inclusions 
in  the  parasitic  amebae  and  for  this  reason  care  should  be 
taken  to  differentiate  the  bodies  before  an  ameba  is  reported 
as  producing  spores. 

Pathogenicity.  —  This  species  of  ameba  was  described  by 
Musgrave  "  as  capable  of  producing  dysentery  in  monkeys, 
and,  in  a  single  instance,  in  man.  Its  isolation  from  a  dys- 
enteric stool  was  significant  and  Musgrave's  experiments 
upon  monkeys  were  almost  conclusive  of  the  pathogenic 
nature  of  this  organism.  However,  later  researches  have 
shown  that  the  amebae  which  have  been  cultivated  from 
dysenteric  stools  and  the  pus  of  liver  abscesses  are  really 
free-living  species,  non-pathogenic  in  nature,  and  their  pres- 
ence in  the  stools  and  pus  can  be  easily  explained  by  con- 
tamination of  the  material  or  the  culture  media  by  dust 
containing  the  cysts  of  the  amebae  or  their  spores.  In  the 
stools,  also,  the  presence  of  free-living  species  may  be 
explained  by  the  ingestion  of  food  or  drink  containing  the 
cysts  or  vegetative  forms.  Recently  Liston  ^  has  recorded 
the  cultivation  of  an  ameba  upon  plates  exposed  to  the  air 
in  an  Indian  jail  which  is  identical  with  an  ameba  he  had 
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previously  cultivated  from  liver  abscess  pus,  thus  demon- 
strating how  easily  such  material  as  feces  and  pus  may 
become  infected  with  free-living  amebae. 

The  results  of  the  experiments  upon  monkeys  are  vitiated 
by  the  liability  of  these  animals  to  naturally  acquired  amebic 
infection  and  also  by  the  possibility  of  the  contamination  of 
the  material  used  in  the  experiments  by  the  spores  of  Entam- 
eba  histolytica  or  the  cysts  of  Entameba  tetragena  in  a 
locality  like  Manila,  where  amebic  dysentery  is  endemic. 
The  same  criticism  applies  to  the  single  experiment  upon 
man,  as  described  by  Musgrave. 

One  cannot,  therefore,  accept  the  pathogenicity  of  this 
species  as  proven,  and  as  its  morphology  and  life  history 
agree  with  the  free-living  amebae  and  differ  entirely  from  the 
parasitic  amebae  of  man,  we  are  justified  in  regarding  it  as  a 
free-living  species  having  nothing  whatever  to  do  with  the 
etiology  of  amebic  dysentery. 


CONCLUSIONS. 
The  morphological  studies  given  in  this  paper  might  be 
described  in  much  greater  detail,  but  I  believe  that  they  are 
sufficient  to  prove  that  the  organisms  under  consideration 
differ  greatly  in  morphology  and  in  their  life  history,  and 
that  each  possesses  characteristics  which  entitle  it  to  specific 
rank. 

As  regards  the  differentiation  of  Entameba  coH,  Entameba 
histolytica,  and  Entameba  tetragena  it  may  be  stated  that 
these  species  may  be  recognized  without  much  difficulty  by 
one  trained  in  the  study  of  this  class  of  organisms,  and  while 
it  may  not  be  very  important,  from  a  practical  standpoint, 
to  differentiate  the  pathogenic  species  from  one  another,  it 
is  most  important  that  the  harmless  Entameba  coli  be  differ- 
entiated from  the  pathogenic  forms,  as  otherwise  many  indi- 
viduals will  be  treated  for  amebic  dysentery  when  in  reality 
only  the  harmless  Entameba  coli  is  present.  Success  in  the 
recognition  of  the  various  species  of  amebae  can  only  come 
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from  practice,  and  it  is  most  unfortunate  that  the  examina- 
tion of  the  feces  is  so  much  neglected  by  the  student  and 
practitioner.  When  one  remembers  that  Entameba  coli  may 
be  found  in  from  five  to  fifty  per  cent  of  healthy  individuals 
in  almost  every  locality  it  is  evident  that  one  may  secure 
material  for  the  study  of  this  parasite  without  difficulty  and 
thus  become  able  to  differentiate  it  from  the  pathogenic 
species  concerned  in  the  production  of  dysentery.  In  many 
regions  where  amebic  dysentery  is  endemic,  material  is 
available  for  the  study  of  all  of  the  parasitic  amebae  of  man, 
and  a  diagnosis  of  amebic  dysentery  should  not  be  made 
until  one  is  sure  that  a  pathogenic  species  is  present. 

The  parasitic  amebae  of  man  are  entirely  distinct  in  mor- 
phology and  life  cycle  from  the  cultural  species  described  in 
this  paper,  and  it  is  difficult  to  understand  how  the  latter 
species  could  be  confused  with  any  of  the  amebae  which  are 
true  parasites  of  man.  The  morphology  of  the  nucleus  of 
Ameba  lobospinosa ;  the  presence  of  both  lobose  and  spinose 
pseudopodia ;  the  contractile  vacuole ;  and  the  fact  that  the 
cysts  contain  but  one  nucleus,  should  serve  to  distinguish 
this  species  from  any  of  the  parasitic  amebas  so  far  described 
as  occurring  in  man. 

Williams,*  in  a  recent  paper  describing  the  cultivation  of 
certain  amebae  in  pure  culture,  describes  this  species  under 
the  name  Ameba  coli  and  considers  it  a  parasitic  species, 
apparently  because  it  was  isolated  from  a  dysenteric  stool. 
However,  as  it  is  really  a  free-living  species,  the  name 
Ameba  coli  cannot  be  applied  to  it,  for  it  differs  markedly 
both  in  morphology  and  life  cycle  from  Entameba  coli 
(Ameba  coli,  Loesch),  and  the  conclusions  of  Williams  are 
erroneous  because  she  had  no  opportunity  of  comparing 
this  species  with  the  parasitic  amebae  of  man.  The  work  of 
such  zoologists  as  Hartmann,  Prowazek,  Schaudinn,  Doflein, 
and  others,  has  proven  beyond  question  the  value  of  the 
morphology  of  amebae  and  of  a  study  of  their  life  cycle  in 
the  differentiation  of  the  free-living  and  parasitic  species, 
and  conclusions  based   entirely  upon  the  study  of  cultural 
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Species  are  practically  valueless  unless  such  species  are 
actually  compared  with  the  true  parasitic  amebae  of  man. 
I  have  studied  this  together  with  the  three  parasitic  species 
described  in  this  paper  and  am  able  to  state  that  it  is  entirely 
distinct  from  them  and  is  a  typical  free-living  ameba. 

Note.  —  In  the  October,  191 1,  number  of  the  Philippine  Journal  of 
Science,  Section  B,  which  reached  me  recently,  there  occurs  a  very  im- 
portant article  by  E.  L.  Walker  upon  the  **  Amebae  in  the  Manila  Water 
Supply,  in  the  Intestinal  Tract  of  Healthy  Persons,  and  in  Amebic 
Dysentery,"  in  which  the  author  confirms  the  occurrence  of  Entameba  coli 
and  Entameba  histolytica  and  concludes  that  all  the  amebse  which  can  be 
cultivated  from  the  intestinal  tract  of  man  or  animals  are  free-living  species 
and  differ  entirely  in  their  morphology  and  life  cycle  from  the  parasitic 
species.     His  principal  conclusions  are : 

*'  The  ameboid  organisms  cultivable  from  the  intestinal  tract  of  man, 
both  from  healthy  persons  and  from  cases  of  amebic  dysentery,  also  belong 
to  the  genus  Ameba  Ehrenberg. 

**  The  cultivable  species  of  the  genus  Amebae  are  not  parasitic  in  the 
intestinal  tract  of  man ;  when  obtained  in  cultures  from  the  intestine  they 
probably  are  derived  from  cysts  of  amebse  that  have  been  ingested  with 
water  or  food  and  have  passed  unchanged  through  the  intestinal  tract. 

"  The  ameboid  organisms  parasitic  in  the  intestinal  tract  of  man  belong 
to  a  distinct  genus,  Entameba,  Casagrandi  and  Barbagallo. 

•*  The  entamebae  are  strict  or  obligatory  parasites  and  are  incapable  of 
multiplication  outside  of  the  body  of  their  host.  They  cannot  be  culti- 
vated on  Musgrave  and  Clegg's  medium." 

The  author  also  concludes  that  Entameba  coli,  the  non-pathogenic 
species,  which  includes  Entameba  nipponica,  and  a  presumably  pathogenic 
species,  Entameba  histolytica,  which  includes  Entameba  tetragena,  should 
be  recognized  and  that  it  is  possible  to  differentiate  these  parasites  with 
the  microscope. 

This  paper  is  of  special  interest  because  some  of  the  cultures  with  which 
Williams  worked  had  been  isolated  from  the  intestine  of  man  and  animals 
by  Walker,  in  1908,  and  were  considered  as  parasitic  by  him  because  they 
were  cultivated  from  the  intestine,  and  have  also  been  considered  as 
parasitic  by  Williams.  It  is  now  evident  that  these  species  can  no  longer 
be  classed  as  parasitic,  and  therefore  the  conclusions  drawn  by  Williams 
regarding  their  morphology  and  life  cycle,  so  far  as  they  relate  to  the 
parasitic  species,  are  erroneous.  The  later  researches  of  Walker  confirm 
those  of  Schaudinn  and  other  students  of  this  subject  as  regards  the 
nonidentity  of  these  cultural  species  with  the  true  parasitic  species  found 
in  man  and  other  animals.  I  cannot  agree  with  him  that  Entameba 
histolytica  and  Entameba  tetragena  are  identical,  however,  because  I 
have  seen  many  infections  with  the  former  in  which  four-nucleated  cysts 
could  not  be  demonstrated  at  any  stage  of  the  infection.     It  is  interesting 
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to  know  that  Walker  found  amebae  showing  the  nuclear  characteristics  of 
Entameba  histolytica  more  frequently  in  infections  in  Manila  than  those 
showing  the  nuclear  structure  of  Entameba  tetragena,  as  that  has  been  my 
own  experience.  I  believe,  at  the  present  time,  that  these  two  species  are 
distincty  but  further  research  should  definitely  settle  this  important  and 
interesting  point. 
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EXPLANATION  OF  THE   PLATES. 
(All  figures  drawn  by  the  author.) 
Plate  I. 
.    Upper  Group.  —  Bntameba  colt  stained  with  Giemsa  stain. 

A,  B,  and  C.  Vegetative  organisms  showing  nuclear  membrane, 
karyosome,  and  collections  of  chromatin  upon  the  nuclear  membrane 
and  within  the  hyaloplasm.    Vacuoles  are  also  present. 

D.  An  organism  containing  a  protozoan  parasite  which  might  be 
mistaken  for  spores. 

H.    Division  of  the  nucleus  (primitive  mitosis). 

E.  Partially  divided  ameba  containing  two  nuclei. 

F.  G.     Ameba  resulting  from  simple  division. 

M.  Schizogony  of  Entameba  coli.  Eight  daughter  nuclei  in  vege- 
tative form. 

N.    Ameba  resulting  from  schizogony. 

I.  Earliest  stage  in  cyst  formation.  Cytoplasm  clear  of  foreign 
bodies  and  nucleus  showing  collection  of  chromidial  masses  upon  the 
inner  side  of  the  nuclear  membrane. 

K,  L,  O,  P.  Two  and  four-nucleated  stage  of  reproduction  within 
the  cyst. 

Q^  Encysted  form  containing  two  large  nuclei  and  a  mass  of 
chromatin. 

R.     Fully  developed  cyst  of  Entameba  coli  containing  eight  nuclei. 
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Lower  Group.  —  Entameba  colit  fixed  in  sublimate  alcohol  and  stained 
with  Delafield*8  hematoxylin.  Note  the  more  delicate  staining  of  the 
nucleus  and  the  greater  detail  obtained  with  this  method  of  staining. 

A,  B,  C.  Vegetative  amebs  showing  variations  in  the  structure  of 
the  nucleus. 

D.  An  organism  during  schizogony,  containing  eight  nuclei. 

E.  Mitotic  division  of  the  nucleus  as  observed  in  this  species. 

F.  A'  fullj  developed  cyst  of  Entameba  coli  containing  eight 
daughter  nuclei. 

G.  The  four-nucleated  cystic  stage  of  Entameba  coli  sometimes 
mistaken  for  the  cyst  of  Entameba  tetragena. 

H.    Two-nucleated  cyst  of  Entameba  coli. 

I.     Young  amebse  originating  from  the  cysts  of  Entameba  coli. 

K.  Fully  developed  cyst  in  which  the  cystic  membrane  is  appar- 
ently absent. 

Lr.  Degenerated  cyst  of  Entameba  coli,  filled  with  vacuoles,  and 
containing  masses  of  chromatin.    No  nucleus  is  visible. 

II.    Entameba  histolytica  stained  with  Giemsa  stain. 

A.  Organism  showing  distinction  between  the  ectoplasm  and 
endoplasm,  nucleus,  and  vacuole. 

B.  Organism  showing  vacuole  and  red  blood  corpuscle  and 
nucleus  containing  minute  karyosome  and  chromatin  dots  in  the 
hyaloplasm. 

C.  Organism  showing  nucleus  and  numerous  red  blood  corpuscles. 

D.  Organism  in  first  stage  of  nuclear  division,  showing  division  of 
the  karyosome  and  minute  dots  of  chromatin  in  the  hyaloplasm. 

E.  Organism  showing  later  stage  of  nuclear  division,  the  polar 
bodies  being  connected  by  a  filament  of  chromatic  substance. 

F.  First  stage  of  formation  of  spore  cysts ;  the  nucleus  distributing 
chromatin  to  the  cytoplasm. 

G  to  I.  Stages  in  the  process  of  formation  of  spore  cysts,  the 
chromatin  being  distributed  to  the  cytoplasm  and  collected  in  threads 
or  masses,  while  the  nucleus  is  observed  as  a  flattened  body  crowded 
against  the  periphery  of  the  parasite. 

L.    Degenerated  parasite  containing  vacuoles  and  free  chromatin. 

K,  M,  N.  Entameba  histolytica  in  the  final  stage  of  the  formation 
of  spore  cysts.  The  free  chromatin  has  collected  at  the  periphery, 
and  surrounded  by  a  small  amount  of  cytoplasm,  is  being  budded  off 
from  the  parent  organism. 

O.  Degenerated  organism  filled  with  vacuoles  and  free  from 
chromatin.  The  nucleus  stains  abnormally  and  there  is  no  distinction 
between  the  ectoplasm  and  endoplasm. 

P.  Entameba  histolytica  filled  with  erythrocytes,  the  nucleus  being 
crowded  to  the  periphery  and  staining  abnormally. 
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Plate  II. 
III.     Upper  Group.  —  Entameba  tetragena  fixed  In  sublimate  alcohol 
and  stained  with   Delafield*s  hematoxjlin.     Note  the  greater  delicacy  of 
the  staining  when  compared  with  the  staining  with  the  Giemsa  method. 

A.  A  vegetative  parasite  showing  three  erythrocytes  in  the  cyto- 
plasm and  a  nucleus  in  which  the  nuclear  membrane,  and  the  karyo- 
some  with  its  centriole  are  shown. 

B.  A  vegetative  organism  showing  thick  nuclear  membrane  and 
karyosome  containing  a  centriole. 

C.  A  vegetative  parasite  containing  vacuoles  and  nucleus  showing 
karyosome  containing  a  centriole  surrounded  by  an  unstained  area. 

D.  A  degenerative  form  filled  with  vacuoles  and  showing  abnormal 
appearance  of  the  nucleus. 

E.  Precystic  form  of  Entameba  tetragena. 

G.  Another  precystic  form  which  is  more  typical  in  that  the  free 
chromatin  in  the  cytoplasm  is  visible.  The  form  E  would  probably 
degenerate  before  the  cyst  wall  was  fully  formed. 

F.  A  cystic  form  of  Entameba  tetragena  showing  two  chromatin 
spindles  in  the  cytoplasm  and  a  nucleus  having  a  centriole  surrounded 
by  an  unstained  area  and  a  definite  network  upon  which  are  arranged 
dots  of  chromatin. 

H.  An  encysted  form  showing  a  very  large  mass  of  chromatin  and 
a  nucleus  containing  a  karyosome  and- centriole. 

I.  Two-nucleated  cyst  of  Entameba  tetragena  showing  mass  of 
free  chromatin  and  the  morphology  of  the  nuclei  after  division. 

K.  Fully  developed  cyst  of  Entameba  tetragena  containing  four 
daughter  nuclei  and  a  mass  of  chromatin. 

L.  Degenerative  form  of  Entameba  tetragena  containing  some  free 
chromatin  and  a  nucleus  in  which  the  karyosome  stains  deeply  and 
nearly  fills  the  nucleus.  This  form  might  easily  be  mistaken  for  a  free 
living  ameba. 

M.  Illustrating  the  typical  nuclear  structure  of  Entameba  tetra- 
gena. Note  the  large  karyosome  containing  a  centriole  surrounded 
by  an  unstained  area. 

Lower  Group.  —  Entameba  histolytica  fixed  in  sublimate  alcohol  and 
stained  with  Delafield*s  hematoxylin. 

A  and  B.  Vegetative  organisms  showing  vacuoles  and  typical 
morphology  of  the  nucleus.  No  distinction  between  the  endoplasm 
and  ectoplasm. 

C.  Vegetative  form  of  Entameba  histolytica  showing  the  type  of 
mitosis  during  simple  division. 

D.  First  step  in  the  formation  of  spore  cysts.  The  distribution  of 
the  chromatin  by  the  nucleus  to  the  cytoplasm. 

E)  F,  and  H.  Organisms  showing  chromidia  in  the  cytoplasm 
arranged  in  rods,  threads,  and  masses,  the  nucleus  being  flattened  out 
against  the  periphery  and  staining  poorly. 

G.  A  degenerative  form  of  Entameba  histolytica  filled  with  vacu- 
oles and  with  an  atypical  nucleus. 
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I  and  K.  Budding  of  the  spore  cjsts  from  the  periphery  of  Entam- 
eba  histolytica. 

L.  Illustrating  the  typical  nuclear  structure  of  Entameba  his- 
tolytica. 

IV.    Upper  Group.  —  Entameba  tetragena  stained  with  Giemsa  stain. 

A,  B,  C.  Vegetative  organisms.  Note  that  the  nuclear  membrane 
and  karyosome  stain  very  heavily  and  are  not  as  well  differentiated  as 
in  specimens  stained  with  hematoxylin. 

D.  Precystic  form  containing  masses  of  chromatin  in  the  cyto- 
plasm. 

E.  Degenerative  form  containing  vacuoles,  masses  of  chromatin, 
and  an  atypically  stained  nucleus. 

F.  Two-nucleated  stage  of  the  cyst  of  Entameba  tetragena,  show- 
ing heavy  staining  of  the  nuclear  membrane  and  karyosome.  Two 
masses  of  chromatin  are  present 

G.  Fully  developed  cyst  of  Entameba  tetragena  containing  four 
nuclei  and  one  mass  of  chromatin. 

H.  Illustrating  the  type  of  nucleus  as  observed  in  Entameba 
tetragena  in  specimens  stained  with  the  Giemsa  stain. 

Lower  Group.  —  Ameha  lobospinosa  stained  with  Delafield's  hema- 
toxylin after  fixation  with  sublimate  alcohol. 

I,  2,  and  3.  Vegetative  organisms  showing  the  large  contractile 
vacuole  and  the  typical  nucleus  containing  a  deeply  stained  karyosome 
almost  filling  the  nucleus. 

4.  A  vegetative  ameba  in  which  the  nucleus  has  divided. 

5,  6.  Vegetative  amebx  in  which  the  nucleus  is  dividing.  Polar 
bodies  are  present  connected  by  filaments  and  a  well  marked  equa- 
torial plate  is  apparent. 

7.  Degenerated  vegetative  ameba  filled  with  vacuoles  and  with 
atypically  staining  nucleus. 

8.  Ameba  lobospinosa  containing  a  protozoan  organism.  These 
forms  have  been  mistaken  for  sporulating  amebae. 

9  and  10.  Encysted  forms  of  Ameba  lobospinosa  during  the  first 
few  days  in  cultures. 

II  to  18  (except  14).  Various  cystic  forms  of  Ameba  lobospinosa 
showing  the  character  of  the  cyst  wall  in  the  older  cysts.  At  13  the 
cyst  contains  two  vacuoles  and  the  cyst  membrane  is  folded  in,  an 
appearance  frequently  observed  in  cultures  which  have  become  dry; 
15  and  17  represent  cysts  in  which  the  cyst  wall  is  cracked  and  a 
nucleus  cannot  be  distinguished;  16  represents  a  cyst  filled  with 
deeply  staining  granules  of  chromatin  derived  from  the  degenerated 
nucleus;  18  is  a  cyst  in  which  only  the  cystic  membrane  is  visible, 
the  ameba  having  escaped  from  the  cyst. 

14.  A  fragmenting  ameba  frequently  mistaken  for  a  budding 
organism  before  the  separation  of  the  fragments. 
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THE  MOLASSES    PLATE  METHOD:     A  MODIFICATION   OF  THE 
HUBER-SCHMORL-OBREGIA  METHOD.* 

Aldred  Scott  Warthin,  Ph.D.,  M.D. 

{^Professor  of  Pathology  and  Director  of  the  Pathological  Laboratories  in  the 

University  oj  Michigan,  Ann  Arbor,  Michigan,) 

{From  the  Pathological  Lahoratori*$  of  the  Univtrsiiy  of  Michigan^  Ann  Arbor.) 

Numerous  methods  have  been  devised  for  the  purpose  of 
staining  many  paraffin  or  celloidin  sections  at  one  time, 
cither  by  attaching  them  to  a  sh'de  or  glass  plate,  or  by 
manipulating  the  sections  in  single  large  Alms  or  sheets  after 
they  have  been  cut  singly  or  serially.  These  methods  have 
been  applied  particularly  to  the  preparation  of  sections  for 
teaching  or  research  purposes  when  it  is  desired  that  a  large 
number  of  sections  of  one  preparation  should  be  stained 
evenly,  or  when  they  are  to  be  studied  in  series.  They  are 
also  of  gpreat  convenience  in  practical  diagnostic  work  by 
facilitating  the  staining  of  a  large  number  of  sections  at  one 
time.  Those  methods  by  which  the  sections  are  manipulated 
as  one  large  section  after  being  transferred  into  a  sheet  or 
film  have  proved  to  be  the  most  convenient  and  satisfactory. 
Of  these  Giacomini's  collodium-gelatin  (1885),  Weigert's 
paper-collodium  (1885),  Strasser's  paper-gum  collodium 
(1895),  2ii^d  the  Obregia  dextrin-sugar  (1890)  methods  have 
been  most  generally  used ;  the  latter,  particularly  in  teaching 
laboratories,  has  been  found  to  be  a  most  valuable  method 
for  many  purposes. 

Obregia  used  a  solution  of  three  parts  cane-sugar  syrup, 
two  parts  ninety-five  per  cent  alcohol  and  one  part  of  trans- 
parent dextrin ;  this  is  spread  over  the  slide  or  glass  plate, 
which  is  then  allowed  to  dry  in  the  drying-oven.  On  this 
dry  plate  celloidin  or  paraffin  sections  were  transferred  from 
a  sheet  of  tissue  —  or  closet —  paper  moistened  with  ninety- 
five  per  cent  alcohol,  on  which  sheet  the  sections  are  pre- 
viously arranged  with  their  satiny  sides  upwards.  The 
paper  holding  the  sections  is  turned  over  upon  the  sugar- 
dextrin  plate  and  gently  pressed  down;   the  paper  is  then 

*  Received  for  publication  Jan.  i,  191a. 
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carefully  lifted  off  leaving  the  sections  adherent  to  the  glass 
plate.  After  carefully  blotting  the  sections  with  a  pad  of 
absorbent  paper  a  three  per  cent  solution  of  photoxylin  is 
poured  over  the  plate ;  it  is  allowed  to  dry  for  a  few  minutes, 
and  then  immersed  in  water,  where  the  sugar-dextrin  dis- 
solves and  the  photoxylin  sheet  floats  off  to  be  treated  as 
one  section. 

Gulland  (1893)  modified  this  method  by  using  a  solution 
of  three  hundred  cubic  centimeters  of  a  syrupy  solution  of 
cane-sugar  in  distilled  water,  twenty  cubic  centimeters  of 
absolute  alcohol  and  ten  cubic  centimeters  of  a  syrupy  solu- 
tion of  dextrin  in  distilled  water. 

Schmorl  (1897)  advised  a  modification  of  the  Obregia- 
Gulland  method  that  proved  so  superior  to  all  others  advised 
for  the  same  purpose  that  it  became  generally  adopted,  par- 
ticularly for  paraffin  work.     Schmorl  employed  two  solutions : 

Solution  I.:     Cane-sugar  solution  (i :  i),        300  cc. 
80  per  cent  alcohol,  200  cc. 

Yellow  dextrin  solution  (i :  i),  100  cc. 

This  solution  is  poured  over  a  perfectly  clean  glass  plate, 
the  excess  drained  off,  and  the  plate  warmed  over  the  flame. 
The  paraffin  sections  are  then  arranged  upon  the  moist  warm 
sugar-dextrin  solution  with  their  satiny  side  downwards,  the 
plate  being  warmed  sufficiently  to  spread  the  sections  out 
perfectly  flat  without  melting  the  paraffin.  After  the  plate 
has  been  covered  with  sections  it  is  put  into  the  drying  oven 
until  dry  (three  to  twelve  hours).  When  dry  the  plate  is 
put  into  a  dish  of  xylol  to  remove  the  paraffin,  then  into 
absolute  alcohol  to  remove  the  xylol.  From  the  alcohol  the 
plate  is  taken  up  and  covered  over  with  a  thin  layer  of 
Solution  II. 

Solution  II :     Photoxylin  or  celloidin,    10  cc. 
Absolute  alcohol,  100  cc. 

Ether  (pure),  100  cc. 

The  celloidin  sheet  is  allowed  to  dry  in  the  air  for  one  to 
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two  minutes,  when  the  plate  is  put  into  warm  water  in  which 
the  sugar-dextrin  dissolves  and  the  celloidin  film  containing 
the  sections  floats  up  from  the  plate.  The  film  is  then  trans- 
ferred upon  the  glass  plate  into  the  desired  solutions  or 
stains.  When  ready  for  mounting  the  individual  sections 
can  be  cut  and  mounted  separately. 

While  this  method  was  a  great  improvement  over  all  pre- 
ceding ones  in  that  it  permitted  the  imbedding  of  material 
in  parafiin  and  its  staining  in  celloidin  sections;  and  was 
especially  adapted  to  the  preparation  of  serial  sections,  yet 
it  had  certain  disadvantages.  The  pouring  of  the  sugar- 
dextrin  solution  over  the  glass  plates  was  a  sticky  and 
unpleasant  procedure,  it  was  a  relatively  expensive  method, 
and  the  sugar-dextrin  solution  would  often  not  dry  quickly, 
and  bubbles  and  crystals  often  formed  in  the  plates  during 
drying,  thus  spoiling  the  sections.  Moreover,  if  the  paraffin 
sections  become  folded  as  they  are  dropped  upon  the  sugar- 
dextrin  plate  it  is  very  difficult  to  flatten  them  out. 

Huber  and  Snow  (1906)  improved  the  method  greatly  by 
floating  paraffin  sections  directly  on  to  a  warm  three  to  five 
per  cent  solution  of  Schmorl's  Solution  I.  and  then  plating 
the  sections  from  this.  This  method  is  much  cleaner,  less 
expensive  and  requires  less  time  for  drying  in  the  incubator. 
There  is  also  much  less  formation  of  bubbles  and  crystals ; 
and  the  difficulty  of  obtaining  flat  sections  is  wholly  obviated. 

As  in  a  large  teaching  and  diagnostic  laboratory  where 
many  sections  must  be  handled  daily,  any  modification  of 
technical  methods  that  will  save  time  and  cost  without 
impairing  results  is  most  desirable,  certain  changes  in  the 
Huber-Schmorl-Obregia  method  were  sought  in  my  labora- 
tory for  several  reasons.  The  large  amount  of  the  alcoholic 
sugar-dextrin  solution  used  and  its  relatively  high  cost  con- 
stituted an  item  of  expense  of  sufficient  importance  to 
induce  us  to  look  for  a  cheaper  substitute.  Further,  the 
time  necessary  for  drying  the  sugar-dextrin  plates,  even  of 
the  water  solution,  made  us  desirous  of  using  a  solution  that 
would  dry  quickly,  be  free  from  bubbles  and  crystals,  and 
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yet  possess  a  consistency  differing  from  that  of  the  sugar- 
dextrin  solution.  Accordingly  many  solutions  of  syrups 
were  tried  out,  and  it  was  found  that  practically  all  of  them 
could  be  used  as  substitutes  for  the  sugar-dextrin  solution. 
The  proprietary  "  corn-syrups"  so-called  were  found  to  be 
well  adapted  for  use  in  this  method ;  but  the  cheapest  and 
best  substance  was  found  to  be  the  cheapest  form  of  New 
Orleans  molasses,  the  mixture  known  in  the  trade  as 
**  black  "  or  **  baking  "  molasses.  The  New  Orleans  variety 
is  better  than  the  black  syrups  called  "  Jamaica  "  or  **  West 
Indian."  It  retails  ordinarily  at  twenty  cents  per  gallon. 
Diluting  the  commercial  molasses  to  a  ten  per  cent  solution, 
a  gallon  of  the  dilute  solution  costs  but  two  cents,  and  this 
can  be  preserved  indefinitely  by  a  crystal  of  thymol  or 
phenol  added  to  prevent  fermentation.  So  far  as  cost  is 
concerned,  therefore,  nothing  could  be  cheaper.  Moreover, 
the  molasses  solution  has  a  different  consistency  —  more 
oily  —  than  the  sugar-dextrin.  Sections  are  more  easily 
slipped  on  to  the  glass  plates,  and  when  arranged  do  not 
come  off  or  slide  about  so  easily.  The  solution  never  forms 
bubbles  or  crystals  during  the  drying  process. 

An  agate  pan  filled  with  the  dilute  molasses  solution  is 
placed  on  a  tripod  near  the  microtome.  It  is  kept  warm  by 
means  of  a  low-flame  Bunsen  burner  placed  beneath  it.  As 
the  paraffin  sections  are  cut  they  are  transferred  directly 
from  the  knife  by  means  of  a  camel's  hair  brush,  and  floated 
upon  the  warm  molasses  solution  with  their  satiny  sides 
downwards.  The  solution  should  be  just  warm  enough  to 
flatten  the  sections  perfectly  without  melting  the  paraffin. 
When  a  sufficient  number  of  sections  to  cover  a  plate  have 
been  obtained,  the  latter,  having  first  been  perfectly  cleaned, 
is  slipped  into  the  solution  at  one  end  of  the  tray,  and 
gradually  immersed  so  that  the  floating  sections  can  be 
pushed  up  or  drawn  up  on  it  as  far  as  desired.  The  sec- 
tions are  manipulated  by  means  of  a  camel's  hair  brush. 
As  the  sections  are  arranged  in  rows  the  plate  is  lifted 
gradually  out  of  the  solution,  until  it  has  been  completely 
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covered  with  sections.  It  is  then  lifted  out  of  the  tray  and 
allowed  to  drain. 

The  section-covered  plate  may  be  dried  in  the  drying- 
oven,  over  a  Bunsen  burner,  or  simply  in  the  air,  taking  a 
few  minutes  or  several  hours  according  to  the  needs  of  the 
case.  It  is  not  necessary,  however,  to  take  the  time  for  dry- 
ing required  by  the  sugar-dextrin  solution.  As  soon  as  the 
plates  are  drained  they  may  be  quickly  dried  over  a  Bunsen 
burner  and  then  flooded  with  absolute  alcohol ;  after  several 
minutes  the  plate  is  taken  out  of  the  alcohol  and  Schmorl's 
Solution  II.  is  poured  over  the  sections.  This  celloidin  is 
allowed  to  set  for  a  minute  or  two ;  and  the  plate  is  then 
immersed  in  warm  water  to  detach  the  celloidin  film  contain- 
ing the  paraffin  sections.  This  film  is  then  handled  by 
catching  it  by  the  two  corners  of  one  end  with  the  fingers  or 
better  by  a  pair  of  forceps  held  in  each  hand.  Handling  the 
films  with  the  bare  hands  should  be  avoided  as  desquamated 
epithelium  becomes  firmly  attached  to  the  celloidin  and  will 
appear  as  an  artefact  in  the  mounted  section.  Transferring 
the  films  on  the  glass  plates  from  one  solution  to  another  is 
a  waste  of  time.  The  films  can  be  caught  at  two  corners 
with  the  forceps,  straightened  with  a  quick  jerking  flap,  and 
placed  perfectly  flat.  They  should  not  be  allowed  to  float 
on  the  surface,  nor  should  the  solution  containing  them  be 
exposed  to  dust,  -as  the  latter  will  adhere  firmly  to  the  cel- 
loidin. The  trays  should  be  covered  if  films  are  allowed  to 
stand  in  them  some  time. 

The  film  is  transferred  to  a  dish  of  xylol  to  remove  the 
paraffin,  then  into  ninety-five  per  cent  alcohol,  then  into 
water  and  finally  into  the  staining  solution.  After  staining 
the  film  may  be  washed,  dehydrated  and  cleared  as  desired. 
In  the  clearing  solution  the  film  may  be  cut  into  strips  or 
single  sections  by  means  of  a  paper-cutter's  wheel  or  by 
scissors.  The  use  of  the  wheel-cutter  is  strongly  recom- 
mended, as  by  it  the  film  can  be  much  more  quickly  and 
easily  cut.  The  strips  and  sections  are  then  mounted  as 
desired. 
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This  method  of  transferring  paraffin  sections  into  a  cel- 
loidin  sheet  without  first  drying  the  plate  and  removing  the 
paraffin  saves  a  great  deal  of  time  when  quick  methods  are 
desired.  If  the  saving  of  time  is  not  necessary  the  molasses 
plate  may  first  be  dried,  then  immersed  in  xylol  to  remove 
the  paraffin,  then  placed  in  absolute  alcohol,  and  the  celloidin 
solution  poured  over  it  as  soon  as  it  is  lifted  out  of  the 
alcohol.  The  celloidin  is  allowed  to  set  for  a  few  minutes 
and  the  film  is  then  detached  in  warm  water,  and  carried 
through  the  same  processes  as  above. 

This  method  is  now  used  in  my  laboratory  to  the  exclu- 
sion of  others  for  all  ordinary  diagnostic  work  and  for  the 
preparation  of  teaching  material  except  in  the  case  of  certain 
specific  staining  methods  that  must  be  carried  out  on  cover- 
glasses.  It  permits  the  handling  of  a  large  number  of  sec- 
tions at  a  minimum  of  time  and  trouble.  Believing  firmly 
as  I  do  in  the  value  of  giving  students  preparations  to  have 
as  their  own  and  to  take  away  with  them  from  the  laboratory, 
rather  than  in  the  demonstration  of  stock  sets  of  slides 
belonging  to  the  laboratory,  the  molasses  plate  method 
becomes  the  most  valuable  practical  method  known  to  me 
for  the  rapid  preparation  of  many  sections  at  one  time. 
When  it  is  desired  that  students  should  do  their  own  stain- 
ing, paraffin  sections  may  be  cut  and  arranged  in  celloidin 
films  which  may  then  be  cut  into  strips  and  given  out  in 
water  or  alcohol  to  the  students  for  staining.  The  celloidin 
sheets  may  be  rolled  on  test-tubes  or  glass  rods,  and  pre- 
served in  eighty  per  cent  alcohol  for  future  staining,  as  in  the 
case  of  single  celloidin  sections,  but  personally  I  have  never 
found  it  of  any  advantage  to  do  this,  since  new  sheets  can  be 
so  quickly  made  from  the  paraffin  blocks  which  are  more 
easily  kept  indefinitely. 

The  molasses  solution  may  be  used  also  for  the  rapid 
staining  of  paraffin  sections  on  the  slide,  and  for  the  staining 
of  fresh  or  fixed  tissues  cut  on  the  freezing  microtome  with- 
out imbedding.     Serial  sections  of  celloidin  blocks  may  also 
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be  arranged  upon  slides  or  plates  covered  with  a  dilute 
molasses;  the  slide  or  plate  is  then  flooded  with  absolute 
alcohol  and  then  drained ;  a  thin  celloidin  is  poured  over  it, 
and  the  plate  immersed  in  warm  water  when  the  film  con- 
taining the  celloidin  sections  is  liberated,  and  is  then  stained 
as  desired. 

Sections  may  be  numbered  on  the  molasses  plate  by  mark- 
ing the  latter  with  a  blue  wax  pencil  after  the  parafiin  sec- 
tions have  been  floated  on  to  it.  The  pencil  markings  will 
be  transferred  to  the  celloidin  sheet,  which  will  retain  them 
through  all  solutions. 

The  success  of  the  plate  method  will  depend  largely  upon 
the  condition  of  the  glass  plates  when  put  into  the  molasses 
or  sugar-dextrin  solution.  They  must  be  clean  or  the  cel- 
loidin film  will  not  separate  well.  The  plates  may  be  kept 
in  alcohol  or  acetic-acid-alcohol  cleaning  fluid  until  needed. 
The  celloidin  must  also  be  of  proper  consistency^  the  film 
should  be  thin  and  cover  the  plate  uniformly.  It  must  not 
be  allowed  to  set  too  much  in  the  air  before  its  detachment 
in  water,  or  it  will  become  tough  and  shrink.  Discarded 
photograph  plates  when  cleaned  are  useful  for  this  method ; 
and  agate,  glass,  porcelain  or  rubber  trays  corresponding  to 
them  in  size  can  be  obtained  in  which  to  carry  the  plates 
through  the  various  solutions.  For  the  beginner  in  this 
method  it  is  recommended  that  the  slower  method  of  drying 
the  plate  and  removing  the  parafiin  in  xylol  should  first  be 
tried,  as  some  difficulty  might  be  experienced  by  a  beginner 
in  judging  just  the  right  time  for  flooding  the  rapidly  dried 
plate  with  absolute  alcohol  without  floating  off*  the  paraffin 
sections. 

To  recapitulate,  the  molasses  plate  method  off'ers  the 
cheapest,  quickest,  and  best  method  for  the  staining  of  large 
numbers  of  sections  at  one  time. 
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A   COLORIMETRIC  TEST  FOR  CHOLESTEROL.* 

Paul  G.  Weston,  M.D. 
{From  the  Pathological  Laboratory^  State  Hospital  for  the  Imane^  Warren^  Pa.) 

The  observations  herein  described  were  made  with  a  view 
to  finding  a  method  for  making  quantitative  determinations 
of  quantities  of  cholesterol  too  small  to  be  conveniently 
handled  and  weighed. 

The  method  which  has  been  developed  is  based  in  prin- 
ciple upon  Salkowski's  test,  the  directions  for  which  are 
given  as  follows:  "A  few  crystals  of  cholesterin  are  dis- 
solved in  a  small  quantity  of  chloroform  and  treated  with  an 
equal  volume  of  concentrated  sulphuric  acid.  The  solution 
of  cholesterin  first  assumes  a  blood  red  color,  and  then 
gradually  turns  to  a  violet  red,  while  the  sulphuric  acid 
appears  dark  red  and  shows  a  green  fluorescence."  ^  This 
describes  the  reaction  fairly  well  when  the  amount  of  choles- 
terol present  is  not  less  than  three  milligrams  to  one  cubic 
centimeter  of  chloroform.  It  should  be  stated,  however, 
that  the  mixture  first  assumes  a  yellow  color  which  rapidly 
becomes  a  deep  red  and  then  gradually  turns  to  violet. 
This  immediate  reaction  of  which  no  mention  is  made  in 
the  usual  text-book  descriptions  is  of  little  significance  when 
the  cholesterol  solution  is  comparatively  strong;  but  a  very 
weak  solution  reacts  much  more  slowly,  and  each  stage  of 
the  reaction  calls  for  special  attention. 

For  quantities  smaller  than  two  milligrams  in  one  cubic 
centimeter  of  chloroform,  the  reaction  may  be  described  as 
follows:  first  both  the  solution  and  the  sulphuric  acid 
assume  a  greenish  yellow  color,  which  rapidly  becomes 
deeper  and  less  greenish ;  after  a  few  minutes  the  solution 
appears  amber  colored,  and  no  marked  change  will  be 
noticed  during  the  next  hour.  In  the  course  of  the  suc- 
ceeding six  hours  the  solution  gradually  becomes  pink  in 
color,  and  finally  violet. 

*  Received  for  publication  Jan.  lo,  19x2. 
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It  IS  possible,  however,  to  obtain  the  distinctive  reaction 
in  a  much  shorter  time.  After  the  mixture  has  stood  for 
from  fifteen  to  thirty  minutes,  the  addition  of  a  small  quan- 
tity of  chloroform  causes  the  amber  color  to  disappear,  and 
in  a  few  minutes  the  now  colorless  solution  begins  to  show 
the  pink  tint  which  is  characteristic  of  cholesterol.  Later 
this  pink  gradually  turns  to  a  pale  violet;  this  change  of 
color  may  be  hastened  by  decanting  the  solution  from  the 
sulphuric  acid. 

In  order  to  standardize  the  test  it  was  necessary  to 
determine : 

1.  The  proportions  of  chloroform  and  sulphuric  acid 
most  favorable  for  bringing  out  the  reaction. 

2.  The  time  at  which  the  characteristic  color  becomes 
relatively  stabile. 

3.  The  most  favorable  method  of  handling  the  mixture. 
One  cubic  centimeter  of  chloroform  was  chosen  arbitrarily 

as  a  convenient  quantity  to  be  used  in  the  experiments. 
The  test-tubes  used  were  one  by  ten  centimeters.  Prelimi- 
nary tests  showed  that  .0003  gram  of  pure  cholesterol  dis- 
solved in  one  cubic  centimeter  of  chloroform  was  sufficient 
to  give  an  easily  recognizable  reaction,  and  a  solution  of  this 
strength  was  used  extensively  in  studying  the  effects  of 
different  variables. 

To  determine  the  amount  of  chloroform  to  be  added  for 
the  purpose  of  bringing  out  the  pink  color,  five  test-tubes 
were  set  up,  each  containing  .0003  gram  of  cholesterol  in 
one  cubic  centimeter  of  chloroform.  These  were  treated 
with  equal  amounts  of  sulphuric  acid,  and  thirty  minutes 
later  received  increasing  doses  of  chloroform.  The  reac- 
tions are  shown  in  Table  I. 
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Table  I. 


Cid>ic  Centimeters  of 
Chloroform. 


04. 

a6. 
0.8. 
1.0. 


Reaction. 


Maddy,  yellowish  pink. 

Pink,  slightly  yellowish. 

Pink,  very  slightly  yellowish. 

Pink. 

Pink,  approaching  violet. 


The  effect  produced  by  the  addition  of  one  cubic  centi- 
meter was  more  distinctive  than  that  of  the  smaller  doses, 
and  this  amount  was  decided  upon  as  the  most  convenient 
dose. 

The  necessary  amount  of  sulphuric  acid  was  determined 
as  follows :  ten  test-tubes  were  set  up,  each  containing  .0003 
gram  of  cholesterol  in  one  cubic  centimeter  of  chloroform, 
and  to  these  were  added  varying  amounts  of  sulphuric  acid, 
ranging  from  .1  to  one  cubic  centimeter.  The  depth  of  the 
yellow  color,  both  in  the  solution  and  in  the  sulphuric  acid, 
varied  inversely  as  the  amount  of  acid  used.  When  more 
chloroform  was  added,  however,  the  ten  tubes  showed  the 
same  depth  of  pink.  As  .1  cubic  centimeter  of  sulphuric 
acid  appeared  to  give  as  good  results  as  the  larger  amounts, 
this  was  adopted  as  the  standard  dose. 

A  special  series  of  tests  was  made  for  the  purpose  of 
determining  the  most  favorable  time  for  the  subsequent  addi- 
tion of  chloroform.  Six  sets  of  test-tubes  were  prepared, 
three  in  a  set,  each  set  including  solutions  of  .0002,  .0003, 
and  .0004  gram  of  cholesterol  in  one  cubic  centimeter  of 
chloroform.  All  were  treated  with  .1  cubic  centimeter  of 
sulphuric  acid.  At  intervals  of  fifteen  minutes,  beginning  at 
fifteen  and  ending  at  ninety  minutes,  one  cubic  centimeter  of 
chloroform  was  added  to  each  of  the  three  tubes  of  a  single 
set.  The  tubes  receiving  the  chloroform  fifteen  minutes  after 
the  sulphuric   acid   presented   a   salmon  pink,  while  those 
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receiving  the  chloroform  later  were  less  yellowish  and  more 
violet  in  hue.  The  six  sets  showed  a  gradation  from  salmon 
pink  to  violet  pink.  The  fifteen-minute  interval  gave  fairly 
satisfactory  results,  but  the.  color  was  found  to  be  more 
stabile  if  an  interval  of  thirty  minutes  elapsed  before  the 
chloroform  was  added. 

Variations  in  the  quality  of  the  pink  tint  have  occurred  by 
reason  of  a  lack  of  uniformity  in  the  handling  of  the  test- 
tubes.  Tests  made  to  determine  the  effect  of  shaking  indi- 
cated that,  other  things  being  equal,  the  more  thoroughly  the 
tube  is  shaken  the  more  yellowish  the  solution  and  the  longer 
the  time  required  for  bringing  out  the  violet  pink  color. 
The  extent  of  the  contact  between  the  solution  and  the 
sulphuric  acid  appears  to  be  a  more  important  factor  than 
the  amount  of  acid  used. 

As  a  result  of  much  experimentation  the  following  technic 
has  been  found  to  give  very  satisfactory  results: 

One  cubic  centimeter  of  a  chloroform  solution  of  choles- 
terol is  placed  in  a  test-tube  one  by  ten  centimeters;  .i 
cubic  centimeter  of  concentrated  sulphuric  acid  is  added,  and 
the  tube  is  shaken  vigorously.  After  thirty  minutes  one 
cubic  centimeter  of  chloroform  is  added,  and  the  tube  is 
shaken  just  sufficiently  to  mix  the  solution,  but  not  so  as  to 
disturb  the  sulphuric  acid.  Observations  are  made  about 
thirty  minutes  later. 

In  order  to  determine  the  smallest  quantity  of  cholesterol 
which  would  give  a  distinct  reaction  by  this  method,  twenty- 
four  test-tubes  were  prepared,  containing  six  each  of  .00007, 
.00008,  .00009,  and  .0001  gram  of  pure  cholesterol  dissolved 
in  one  cubic  centimeter  of  chloroform.  These  were  treated 
in  the  usual  manner  with  .1  cubic  centimeter  of  sulphuric 
acid  and  later  with  one  cubic  centimeter  of  chloroform. 
The  stronger  two  solutions  reacted  perceptibly,  but  the  reac- 
tions of  the  weaker  two  solutions  were  doubtful.  The  tubes 
were  grouped  in  six  sets,  one  solution  of  each  strength  in  a 
set.  Without  knowing  the  strength  of  the  solution  in  any 
tube,  two  observers  arranged   the    four   tubes  of  each  set 
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according  to  the  apparent  depth  of  color.     The  results  are 
shown  in  Table  II. 


Table.  II. 


Observer  A. 

Observer  B. 

O.OOOI 

0.00009 

0.0001 

0.00008 

0.00007 

O.OOOI 

0.00009 

0.0000S 

0.00007 

0.0001 

0.00009 

0.00007 

0.00008 

ojoooi 

0.00009 

0.00006 

0.00007 

0.0001 

0.00009 

0.00008 

0.00007 

O.O0OX 

0.00007 

0.00008 

0.0001 

0.00007 

0.0001 

0.00009 

0.00008 

0.0001 

0.00007 

0.00008 

ouxiooS 

aooco9 

0.0001 

0.00007 

OXOOOQ 

0.0001 

aoooo7 

It  is  clear  from  this  table  that  solutions  of  .0001  and 
.00009  gram  of  cholesterol  give  a  perceptibly  stronger  reac- 
tion than  solutions  of  .00008  and  .00007  gram  give. 

To  ascertain  the  least  perceptible  difference  between  solu- 
tions, three  sets  of  test-tubes  were  prepared,  each  set 
containing  solutions  which  ranged  from  .00007  to  .00015 
gram,  increasing  by  .00001  gram.  One  set  served  as  a 
standard,  and  the  tubes  were  arranged  in  serial  order. 
Each  of  two  observers  prepared  a  similar  set  for  the  other, 
and  each  observer  compared  the  unknown  series  with  the 
known,  looking  through  the  tubes  while  holding  them 
against  a  white  surface.  Three  independent  comparisons 
were  made:  first,  twenty  minutes  after  mixing  with  sulphuric 
acid,  when  the  color  of  the  solutions  was  yellow;  second, 
thirty  minutes  after  the  addition  of  one  cubic  centimeter  of 
chloroform;  and  third,  ten  minutes  after  the  second  com- 
parison. The  results  of  these  observations  are  shown  in 
Table  III. 
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Table  III. 


Actual 
Quanti. 

Apparently  Equivalent  Quantities 
Selected  by  Observer  A. 

Apparently  Equivalent  Quantities 
Selected  by  Observer  B. 

Before 
Addition  of 
Chloroform . 

30  Minutes 

After  Ad. 

dition  of 

Chloroform. 

40  Minutes 

After  Ad. 

dition  of 

Chloroform. 

Before 
AddiUon  of 
Chloroform. 

30  Minutes 

After  Ad. 

dition  of 

Chloroform. 

40  Minutes 
After  Ad- 
dition of 

Chloroform. 

0.0001$ 

0.000x4 

0.00013 

n.oooia 

0.0001 1 

0.0001 

0.00009 

0.00008 

0.00015 

0.00014 
0.00013 
0.0001 1 
0.0001 
0.00009 

0.00007 

aooois 

0.0001 1 

0.0001  a 

0.0001 

0.00014 

0.00C07 

0.00007 

0.00008 

0.0001  a 
0.00014 
0.00013 
0.0001 1 
0.0001 1 
0.0001 1 

O.OOOI 

0.00007 
0.00007 

0.000x5 

oxx)Oi4 

0.00013 

0.00014 

o.onoii 

0.00008 

0.0001 

0.00008 

0.00008 

0.00015 
0.0001a 
aoooi5 

O.OOOII 

0.0001 
0.0001 
0.00007 
O.ooooS 

oxxnis 

0.00014 
0x0014 
0.0001a 
0.00009 

OJOOOl 

0.00007 

It  will  readily  be  seen  that  a  difference  of  .cxkdgi  gram 
cannot  be  detected  by  this  method. 

In  another  series  of  similar  observations,  solutions  ranging 
from  .00005  ^^  .000425  gram,  increasing  by  .000025  gram, 
were  prepared  and  observed  in  the  manner  described  above. 
The  results  given  by  the  two  observers  are  shown  in  Table 
IV. 
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Table  IV. 


Actual 
Qpan- 
tities. 


0.00005 
0000075 
ojomt 

OjOOOISS 
04)0015 

0.000175 

Ojoooa 

aoooaa5 

001025 

0.000375 

0.0003 

O.OOP35 
o«Q37S 


Apparently  Equivalent 

Qpantities  Selected  by 

Observer  A. 


Before 
Addition 
of  Chlo- 
roform. 


O4»oo5 
0.000075 

OOOOI 

0.000135 

0.00015 

0.000175 

0^0003 

OJOO0235 

0.000375 

OJO00335 

0.0003 

0.00035 

0.0004 

0.000435 


30  Min. 
utes  after 
Addition 

of  Chlo. 

roform. 


0.000075 
0.0001 

OjOOOI 

0.000135 
ou)ooi5 
0.000175 

O.O0O3 

OMxa 

0.00035 

OJO00375 

0x00375 

0.00035 

0.00035 

OUXXH35 


40  Min- 
utes after 
Addition 

of  Chlo. 

roform. 


0.00005 

0.0001 

0.0001 

0.000135 

0.00015 

0.000175 

0.0003 

0.000335 

0.0003 

0.000335 

0.00035 

0.000435 

0.000435 

0.000435 


Apparently  Equivalent 

Quantities  Selected  by 

Observer  B, 


I   Before 
I  Addition 

of  Chlo. 

roform. 


0.00005 

0.000075 

0.0001 

0.000135 

0.00015 

0X003 

0.000175 

0.000335 

0.000335 

0.0003 

0.000335 

0.0004 

0.00035 

0.00035 


30  Min. 
utes  after 
AddiUon 

of  Chlo. 

roform. 

40  Min. 
ntes  after 
Addition 
of  Chlo- 
roform. 

0.0001 

ox)ooo5 

0.00005 

- 

0.000135 

0.000135 

0.00015 

0.00015 

0.00015 

0.000x75 

0.0003 

0.0003 

aoooa 

0.000335 

aooo335 

0.000375 

0.000375 

aooo3 

0.0003 

0.0003 

0.000435 

0.000435 

0.00035 

0x00435 

0.000435 

0x00435 

Maximum  Error. 

+ 

- 

0.00005 

0x00035 

0.000035 

0x00035 

0 

0 

0.000035 

.... 

0x00035 

.... 

0.000035 

0.000075 

0.00005 

0.000135 

0.0001 

0.000075 

0.00005 

1 

It  is  clear  from  these  results  that  within  a  certain  range 
a  difference  of  .00005  gram  can  readily  be  detected,  and  fre- 
quently a  difference  of  .000025  gram. 

The  range  most  favorable  for  accurate  differentiation  is 
between  .0001  and  .00025  gram,  just  above  the  threshold 
of  perception.  This  is  in  accordance  with  the  psychophysic 
law  known  as  Weber's  law,  which  is  thus  described  by 
Titchener^:  "If  we  determine  a  series  of  just  noticeable 
differences,  in  the  middle  region  of  the  intensive  scale,  we 
find  a  very  simple  relation  between  change  of  sensation  and 
increase  of  stimulus.  At  the  beginning,  where  the  stimuli 
are  relatively  weak,  only  a  small  addition  is  required  to  effect 
a  noticeable  increase  in  the  intensity  of  sensation ;  as  the 
scries  progresses,  the  additions  become  larger  and  larger; 
and  towards  the  end,  where  the  stimuli  are  relatively  strong, 
the  largest  additions  are  needed." 
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In  the  tubes  containing  .cxxx)5  gram,  the  solution  was 
colorless,  but  the  sulphuric  acid  was  slightly  yellowish. 
Controls  of  sulphuric  acid  in  pure  chloroform  gave  no  such 
reaction.  It  is  possible  that  determinations  even  more  accu- 
rate than  these  might  be  made  by  looking  down  into  the 
tubes,  as  is  done  in  ammonia  determinations. 

SUMMARY. 

Satisfactory  quantitative  estimations  of  small  quantities  of 
cholesterol  can  be  made  by  the  following  method : 

The  cholesterol  is  dissolved  in  pure  chloroform  (Merck 
Blue  Label),  and  a  series  of  dilutions  is  made  which  will 
bring  at  least  one  solution  between  .0001  and  .00025  gram 
to  one  cubic  centimeter  of  chloroform. 

A  set  of  tubes  is  made  up,  containing  pure  cholesterol  in 
quantities  ranging  from  .0001  to  .00025  gram  to  one  cubic 
centimeter  of  chloroform,  each  tube  containing  .000025 
gram  more  than  the  preceding  one. 

To  each  tube  is  now  added  .1  cubic  centimeter  of  con- 
centrated sulphuric  acid,  and  the  mixture  is  thoroughly 
shaken.  After  thirty  minutes  one  cubic  centimeter  of  chlo- 
roform is  added,  and  thirty  minutes  later  the  unknown 
solutions  are  compared  with  the  known. 

By  this  method  differences  of  .00005  P^  .000025  gram  can 
be  detected. 

This  method  is  recommended  especially  for  the  estimation 
of  cholesterol  in  the  blood,  lymph,  and  other  fluids  of  which 
it  is  rarely  possible  to  obtain  a  sufficient  amount  to  enable 
one  to  isolate  a  weighable  quantity. 

[In  making  these  observations  I  have  been  assisted  by  Dr.  Grace  Helen 
Kent,  to  whom  I  wish  to  acknowledge  my  indebtedness.] 
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THE  ANTISEPTIC  AND  BACTERICIDAL  PROPERTIES   OF 
EGG-WHITE.* 

Lko  F.  Rettgek  and  Joel  A.  Sperry. 
{^From  tfu  Sheffield  Laboratory  of  Bacteriology  and  Hygieney  Yale  University,') 

As  one  of  our  most  staple  articles  of  food,  the  hen's  egg 
has  long  been  an  object  of  unusual  interest  and  study.  The 
prevention  of  deterioration  of  eggs  within  the  shell  is  in 
itself  a  problem  of  great  economic  importance.  The  ques- 
tion of  the  presence  of  bacteria  in  eggs  that  are  fresh  as 
well  as  those  of  different  ages  is  one  that  has  received  much 
attention  within  the  last  few  years,  and  regarding  which  there 
still  is  a  wide  difference  of  opinion.  There  is  no  doubt  that 
eggs  gradually  deteriorate,  even  under  the  most  favorable 
conditions  of  storage ;  but  whether  bacteria  play  a  promi- 
nent rdle  in  the  chemical  changes  that  are  brought  about 
slowly  is  not  so  certain.  It  is  not  within  the  province  of 
this  paper  to  discuss  these  questions,  but  to  present  facts 
which  have  a  more  or  less  direct  bearing  on  them. 

It  has  been  taken  for  granted  that  the  only  protection 
which  an  egg  has  against  bacterial  invasion  and  subsequent 
"spoiling"  is  the  shell.  That  the  shell  serves  as  a  good 
protective  covering  cannot  be  disputed,  and  may  be 
explained  largely  by  the  fact  that  a  normal  egg  is  coated 
with  a  delicate  layer  of  gelatinous  substance.  This  coating 
is  easily  injured  or  destroyed  when  it  comes  in  contact  with 
water;  hence  the  common  belief  that  washing  of  eggs 
lessens    their   keeping  qualities. 

To  the  protective  covering  of  the  shell,  and  the  shell  itself, 
must  be  added  another  important  agent  in  the  prevention  of 
bacterial  invasion  into  the  interior  of  the  egg ;  namely,  the 
antiseptic  and  bactericidal  properties  of  the  egg-white. 

Different  investigators  have  demonstrated  the  permeability 
of  egg-shell  to  liquids  and  to  bacteria.  Zorkendorfer  ^ 
observed  that  aqueous  solutions  of  eosin  readily  pass  through 
the  shell.     Also  that  bacteria  penetrate  the  shell  when  the 

*  Received  for  publication  Jan.  i,  1912. 
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egg  is  allowed  to  remain  for  a  short  time  in  bouillon  cultures 
of  the  bacteria.  Wilm  ^  found  that  the  cholera  vibrio  passed 
through  the  shell  in  fifteen  to  sixteen  hours  when  the  egg 
was  at  least  partly  covered  with  a  peptone  culture  of  the 
organism.  Eggs  containing  the  cholera  vibrio  remained 
apparently  normal  for  four  or  five  days,  after  which  they 
became  turbid  and  gave  off  a  hydrogen  sulphide  odor. 
Bacillus  coli  and  certain  other  bacteria  were  also  able  to  gain 
the  interior  of  the  eggs.  Motility  and  size  of  the  organisms 
determined  their  ability  to  pass  through  the  shell. 

Piorkowsky*  placed  eggs  in  a  tube  or  shallow  dish  con- 
taining peptone  medium  which  had  been  inoculated  on  the 
previous  day  with  B.  typhi.  The  eggs  were  partly  covered 
with  the  culture  fluid  for  periods  varying  from  twenty  to 
ninety-six  hours.  The  typhoid  bacillus  passed  into  the  egg 
in  twenty-four  to  forty-eight  hours,  temperatures  of  28-37*^  C. 
being  more  favorable  than  2I^  According  to  Sachs-Miicke* 
B.  dysenteriae  is  unable  to  penetrate  the  shell  of  a  normal 
egg.  He  found  also  that  Mucor  corymbifer,  Aspergillus 
niger,  Penicillium  glaucum  and  Penicillium  brevicaule  like- 
wise fail  to  do  so.  He  believes  that  the  chance  of  infection 
is  much  greater  in  the  oviduct  than  after  the  egg  is  laid. 

Lange*  experimented  with  the  following  organisms:  B. 
coli  communis,  B.  typhosus,  B.  paratyphosus,  B.  enteritidis 
(Gartner)  and  B.  botulinus.  After  washing  the  eggs  in 
corrosive  sublimate,  alcohol,  and  then  ether,  he  placed  them 
in  bouillon  cultures  of  the  organisms  and  left  them  there  for 
varying  lengths  of  time,  at  37®  C.  The  passage  of  the 
bacilli  into  the  interior  of  the  eggs  depended,  in  a  measure 
at  least,  upon  their  motility.  B.  typhosus  required  two  days 
to  enter  the  white,  and  three  days  to  enter  the  yolk.  B.  coli 
communis  reached  the  white  in  one  day,  and  the  yolk  in 
five.  It  is  quite  probable  that  the  treatment  of  the  eggs 
with  corrosive  sublimate,  alcohol,  and  ether  greatly  facilitated 
the  passage  of  the  bacilli  through  the  shell. 

Eggs,  both  cooked  and  raw,  have  been  employed  as  cult- 
ure media  for  certain  bacteria,  especially  the  organism  of 
Asiatic   cholera    (Hueppe,   Zenthoffer,    Bonhoff,    Hammer!, 
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etc.).  The  employment  of  uncooked  egg  has,  however,  not 
been  widely  adopted,  and  the  reason  should  appear  quite 
obvious. 

In  a  recent  publication  by  Laschtschenko  ^  normal,  undi- 
luted egg-white  is  reputed  to  have  marked  antiseptic  and 
bactericidal  properties  towards  certain  bacteria.  He  observed 
that  when  the  whites  of  fresh  eggs  were' kept  in  an  open  dish 
and  constantly  exposed  they  underwent  no  visible  change 
aside  from  the  rapid  drying.  Furthermore,  they  remained 
practically  sterile.  If,  however,  one-half  to  one  cubic  centi- 
meter of  nutrient  bouillon  was  added  to  the  albumen  of  one 
egg  putrefactive  changes  took  place  in  two  to  three  days. 
The  addition  of  a  few  drops  of  tap  water  to  the  white  of 
An  6gg  did  not  apparently  lessen  its  resistance  to  the  ordi- 
nary air  and  water  bacteria ;  but  when  as  much  as  two  cubic 
centimeters  of  water  were  added  the  presence  of  certain 
organisms,  particularly  B.  fluorescens  liquefaciens,  could  be 
observed  in  three  or  four  days. 

A  number  of  tests  with  pure  cultures  of  B.  subtilis 
showed  that  this  organism  was  not  only  inhibited  in  its 
growth,  but  was  destroyed  in  a  very  short  time  when  exposed 
to  the  action  of  normal  egg-white.  Similar  results  were 
obtained  with  B.  megatherium,  B.  ramosus,  B.  anthracis, 
Proteus  Zopfii,  and  Proteus  Zenkeri.  Small  amounts  of 
water  or  nutrient  bouillon  did  not  materially  lessen  the  bac- 
tericidal action.  The  addition  of  ten  parts  of  water  or 
saline  solution  to  one  part  of  albumen  did  not  prevent  the 
destruction  of  B.  subtilis,  and  a  dilution  of  the  egg-white 
with  fifty  volumes  of  nutrient  bouillon  did  not  destroy  the 
bactericidal  properties  of  the  white  with  reference  to  B. 
Zopfii  and  Proteus  Zenkeri. 

That  the  inimical  action  of  the  egg-white  was  due  to  a 
specific  enzyme  or  anti-substance,  and  not  alkali,  or  to  the 
lack  of  favorable  nutrient  material,  was  shown  by  the  heat 
test  Heating  the  white  for  thirty  minutes  at  65-70**  C. 
destroyed  the  bactericidal  properties. 

By  mixing  the  yolk  with  the  white  the  germicidal  action 
of  the  latter  was  greatly  reduced.     The  mixture  even  served 
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as  a  favorable  culture  medium  for  bacteria,  for  example,  B. 
subtilis  and  B.  anthracis.  These  two  organisms  were  found 
to  multiply  in  the  egg  itself  when  introduced  as  far  as  the 
interior  of  the  yolk. 

In  our  investigation  we  have  in  a  large  measure  repeated 
the  work  of  Laschtschenko,  and  have  endeavored  to  obtain 
additional  data  which  might  be  of  some  interest  and 
importance.  Our  work  thus  far  has  been  done  with  egg- 
white  and  yolk  after  they  were  removed  from  the  shell, 
and  fully  substantiates  Laschtschenko's  investigations.  The 
organisms  employed  by  us  wei'e  B.  subtilis,  B.  cereus,  B. 
megatherium,  B.  coli  communis,  B.  typhosus,  B.  pullorum 
(Rettger),  B.  fluorescens  liquefaciens  and  non-liquefaciens, 
Proteus  vulgaris,  P.  mirabilis,  P.  Zenkeri,  Staphylococcus 
pyogenes  aureus,  and  the  obligate  anaerobes,  B.  putrificus 
(Bienstock),  and  B.  edematis  maligni. 

The  following  technic  was  used  in  our  earlier  tests  with 
pure  cultures  of  bacteria.  Eggs  which  appeared  to  be 
normal  and  reasonably  fresh  were  placed  in  fifty  per  cent 
alcohol  and  left  there  for  ten  minutes.  They  were  then 
flamed  (the  small  end)  with  a  Bunsen  burner,  and  a  small 
portion  of  the  shell  cut  out  with  sterile  scissors.  Five  cubic 
centimeter  quantities  of  the  white  and  yolk  were  removed 
separately  with  a  sterile  pipette  and  placed  in  large  test- 
tubes.  The  tubes  were  inoculated  with  one  or  more  loopfuls 
of  a  bouillon  culture  of  the  organism  in  question.  After 
shaking  vigorously  plates  were  poured  at  different  intervals 
with  one  or  more  loopfuls  of  the  inoculated  white  or  yolk. 

The  technic  was  slightly  improved  upon  before  the  work 
had  continued  very  far.  In  the  first  place,  broken  glass  was 
used  to  cut  up  the  globulin  of  the  egg-white  in  the  test- 
tubes,  and  thus  to  facilitate  the  distribution  of  the  bacteria 
in  the  tubes.  Each  tube  was  shaken  vigorously,  after  which 
.25-.5  cubic  centimeter  of  the  inoculated  egg-white  were 
introduced  into  dilution  flasks  containing  one  hundred  cubic 
centimeters  of  water,  and  the  flasks  shaken  for  thirty  seconds. 
Agar  plates  were  poured  with  .5  cubic  centimeter  of  these 
dilutions.  Examinations  were  always  made  in  duplicate 
series,  and  the  results  averaged. 
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The  germicidal  action  of  egg-white  on  B.  subtilis,  B. 
cereus,  and  B.  megatherium  is  strikingly  shown  in  the  above 
table.  The  time  elapsing  between  the  inoculation  of  the 
tubes  and  the  pouring  of  the  first  sets  of  plates  was  five  to 
fifteen  minutes.  B.  megatherium  was  destroyed  almost 
instantaneously  in  both  experiments,  so  that  no  colonies 
were  obtained  in  the  first  sets  of  plates.  That  the  organ- 
ism was  present  in  the  bouillon  which  was  transferred  to  the 
albumen  in  the  tubes  was  shown  by  its  luxuriant  growth 
when  similar  inoculations  were  made  in  the  usual  laboratory 
media.  B.  subtilis  was  also  killed,  in  one  of  the  experi- 
ments, before  the  first  series  of  plates  could  be  prepared. 
After  twenty-four  hours  no  growth  was  obtained  in  any  of 
the  plates. 

B.  Cou  Communis  and  B.  Typhosus. 


Organism. 

Imme. 

dUtelv 
After  In. 
oculation. 

1 

X 

e 
1 

[I 

e 

9 
0 

X 

i 

1 

B.  coli  communis. 
(N.y.U.)     (37«). 

- 

- 

so 

0 

0 

(Colonies 

on  plat 

e«.) 

B.  coli    communis. 
(N.Y.U.)     (3r>). 

— 

475.000 

330,000 

0 

0 

(Bacteria 
timeter 

per  cub 
eggwh 

iccen. 
ite.) 

(N.Y.U.)     (aoo). 

— 

Sas,ooo 

810,000 

320,000 

— 

— 

350,000 

B.  coli  communis. 
(H.)     (ao^)    .   .   . 

— 

STSiOOo 

— 

360,000 

— 

— 

B.     typhosus. 
(Y.lft.S.)     (37<»). 

7aS,ooo 

— 

SaS.000 

0 

— 

— 

— 

B.    typhosus    (W.) 
(37^)  

430,000 

— 

SS0.000 

— 

— 

3,000,000 

— 

Digitized  by 


Google 


6o 


RETTGER   AND    SPERRY. 


The  organisms  in  this  group  are  decidedly  more  resistant 
to  the  action  of  the  egg-white  than  those  in  the  preceding 
table.  B.  coli  communis,  strain  N.Y.U.  and  B.  typhosus 
Y.M.S.,  have  been  kept  in  the  laboratory  for  at  least  seven 
years.  Colon  bacillus  H.  was  isolated  from  hen's  droppings 
within  but  a  few  weeks  before  the  experiment,  and  B.  typhosus 
W.  was  obtained  from  Washington  about  two  years  before. 
In  all  of  the  tests  but  one  the  numbers  of  the  bacilli  in  the 
egg-white  tubes  were  reduced,  and  in  three  instances  the  tubes 
were  rendered  sterile.  The  bactericidal  action  on  B.  coli 
communis  appears  to  be  stronger  at  37**  C.  than  at  20^. 
With  B.  typhosus  W.  there  was  merely  an  antiseptic  action, 
as  the  number  of  bacilli  increased  from  430,000  to  3,000,000. 


Proteus  Vulgaris,  P.  Mirabilis,  and  P.  Zenkeri. 
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Proteus  vulgaris  shows  considerable  resistance  to  the  bac- 
tericidal action  of  the  white,  while  Proteus  Zenkeri  is  killed 
off  immediately,  or  so  soon  that  the  plates  must  be  prepared 
very  quickly  in  order  to  obtain  any  colonies  in  them.  There 
is  a  possibility,  of  course,  that  in  this  case  too  few  of  the 
bacilli  were  transferred  to  the  egg-white  from  the  bouillon 
culture,  as  there  was  no  control  experiment;  the  results 
agree  very  well,  however,  with  those  of  Laschtschenko.  The 
Proteus  mirabilis  strain  used  in  this  series  of  tests  showed  a 
high  degree  of  resistance,  although  during  the  first  twenty- 
four  hours  the  number  of  bacilli  was  barely  doubled. 
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Staphylococcus    Pyogenes   Aureus,  B.    Fluorescens   Liqukfaciens   and 
B.  Fluorescens  NoN-LiQUEFAaENs. 
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Incubation  temperature  undoubtedly  has  played  no  small 
part  in  the  rapid  destruction  of  the  fluorescens  organisms. 
Nevertheless,  incubation  alone  does  not  bring  about  such 
results;  these  organisms  grow  quite  luxuriantly  at  37**  C, 
though  this  temperature  is  far  above  their  optimum. 


Bacterium  Pullorum  (Rettger),  Strains  A  and  £-4. 


Organism. 
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B.  pullorum  A  was  an  old  strain  obtained  six  years  ago 
from  the  blood  of  a  chick  which  had  died  of  bacillary  white 
diarrhea.  E-4  was  procured  from  infected  ova  (hen)  within 
less  than  a  year  of  the  time  of  these  experiments.  Feeding 
experiments  conducted  on  a  large  scale  with  young  chicks 
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demonstrated  the  fact  that  A  had  lost  entirely  its  ability  to 
reproduce  the  disease,  white  diarrhea,  while  E-4  still  pos- 
sessed a  high  degree  of  virulence. 

In  the  above  table  the  two  strains  of  B.  pullorum  are  seen 
to  show  a  striking  difference  in  their  resistance  to  the  bac- 
tericidal action  of  egg-white,  and  it  is  of  particular  interest  to 
observe  that  the  virulent  strain  is  the  more  resistant  one.  .  In 
one  instance  the  egg-white  had  no  destructive  action  on 
either,  but  merely  prevented  development.  This  must  be 
explained  on  the  hypothesis  that  the  white  in  this  case  was 
less  active  than  in  the  other  experiments,  and  therefore 
affected  both  strains  alike. 

The  last  two  series  of  results  seem  to  indicate  that  the  bac- 
tericidal action  of  the  egg-white  is  accelerated  with  increased 
temperature. 

In  order  to  demonstrate  whether  the  inability  of  the  bac- 
teria to  multiply  or  even  to  remain  alive  was  due  merely  to  a 
lack  of  necessary  nutritive  material  in  the  egg-white,  or 
certain  physical  properties,  or  to  so-called  anti-substances, 
the  following  tests  were  made :  Tubes  of  the  egg-white  were 
inoculated  with  B.  pullorum  A  and  E-4;  two  with  A  and 
two  with  E-4.  One  tube  of  each  was  heated  at  65*^-70**  C. 
for  fifteen  minutes ;  the  other  was  left  unheated.  Agar  plates 
were  poured  immediately  and  at  definite  intervals  thereafter. 


Influence  of  Heat  on  the  Bactericidal  Properties. 
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These  results  are  in  accord  with  those  of  Laschtschenko. 
The  bactericidal  properties  are  destroyed  at  a  temperature 
varying  from  65  to  70**  C.  Egg-white  which  has  been  heated 
at  this  temperature  serves  as  a  good  culture  medium. 

PUTREFACTIVE  ANAEROBES. 
The  putrefying  organisms  employed  were  B.  putrificus  and 
B.  edematis  maligni.  Five  cubic  centimeter  quantities  of 
egg-white  in  sterile  test-tubes  were  liberally  inoculated  with 
these  organisms.  The  transfers  were  made  from  tubes  of 
egg-meat  media  which  had  undergone  marked  putrefaction. 
At  the  same  time  that  the  egg-white  tubes  were  inoculated 
with  the  anaerobes,  similar  transfers  were  made  to  dextrose- 
bouillon,  egg-yolk,  and  egg-meat.  The  tubes  were  ren- 
dered anaerobic  by  the  Wright  (pyrogallol)  method,  and 
incubated  for  a  week  or  more  at  37**  C.  Putrefactive  decom- 
position made  itself  apparent  very  soon  in  the  yolk  and  in  the 
egg-meat  medium,  and  the  dextrose-bouillon  became  clouded 
in  three  or  four  days.  In  the  egg-white  tubes  there  were  no 
signs  of  change  in  the  character  of  the  white  except  a  slight 
discoloration.  The  tubes  remained  clear,  and  there  was  not 
the  slightest  odor  of  putrefaction  or  other  decomposition. 
Microscopic  examination  failed  to  reveal  the  presence  of  any 
bacteria  whatever ;  whereas,  in  tlie  yolk  and  the  egg-meat 
tubes  the  organisms  in  question  were  found  to  be  present  in 
large  numbers. 

As  the  work  upon  which  this  paper  is  based  will  be  con- 
tinued for  some  time,  we  are  loathe  to  offer  any  explanations 
at  present  of  the  pronounced  antiseptic  and  bactericidal  prop- 
erties of  egg-white  towards  certain  bacteria.  Whether  there 
is  present  some  anti-substance  which  bears  a  close  analogy 
to  those  in  the  blood  and  other  animal  tissues  is  in  itself 
a  problem  of  much  interest.  The  possibility  that  pure 
unchanged  proteins  may  in  a  measure  play  the  part  of  an 
antiseptic  or  disinfectant  is  not  a  remote  one.  Such  a  thing 
is  suggested  indeed  by  the  results  of  the  recent  investigations 
of  Bainbridge,^   who  demonstrated  that   certain    organisms 
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(B.  typhosus,  B.  coli  communis,  B.  pyocyaneus  and  Staphy- 
lococcus pyogenes  aureus)  do  not  appreciably  break  down 
pure  or  unchanged  egg-albumin  or  serum-protein,  even  in 
the  presence  of  sufficient  non-protein  nitrogenous  food  to 
insure  vigorous  bacterial  growth. 
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THE  FORMATION   OF    PIGMENT    BY  THE    DERMAL    CHROMA- 
TOPHORES.* 

0SCA&  T.  SCHULTZ,  M.D. 

{From  tki  Pathological  Laboratory  of  Western  Reserve  University^ 

Cleveland^  Ohio.) 

The  purpose  of  this  communication  is  to  report  the  result 
of  an  investigation  into  the  functional  activity,  as  expressed 
by  morphological  changes,  of  a  particular  type  of  cell  —  the 
chromatophore  of  the  skin.  While  there  is  some  risk  of 
drawing  false  conclusions  in  explaining  certain  morphological 
changes  as  the  result  of  cellular  physiology,  normal  or 
abnormal,  some  fundamental  facts  have  been  established  by 
the  cytologist  and  it  is  attempted  here  to  correlate  what 
occurs  in  a  specialized  variety  of  cell  with  what  has  been 
found  to  hold  for  other  species  of  cells. 

The  material  (obtained  through  the  courtesy  of  Professor 
W.  T.  Corlett)  upon  which  the  study  is  based  is  skin 
removed  from  a  case  in  which  the  clinical  diagnosis  was 
mycosis  fungoides.  In  addition  to  the  fungating  tumor- 
like areas  which  occur  in  this  disease  the  skin  of  the  entire 
body  showed  a  mottled  brownish  pigmentation.  Upon  a 
deep  brown  background  were  scattered  irregularly-shaped 
areas  of  nonpigmented  skin,  one  to  several  millimeters  in 
diameter.  Where  the  formation  of  pigment  was  more  recent, 
where  the  discoloration  was  advancing,  that  is,  at  the  margins 
of  the  unpigmented  spots,  the  skin  had  a  reddish  tint,  the 
color  being  a  mahogany  brown  rather  than  the  deeper,  duller 
brown  of  the  older  areas.  This  is  not  the  place  for  a 
detailed  discussion  of  the  pathological  histology  of  the  con- 
dition to  which  dermatologists  have  applied  the  terms 
mycosis  fungoides  or  diffuse  sarcomatosis.  In  brief,  the 
tissues  examined  show  a  process  which  is  of  a  diffuse,  sub- 
acute, inflammatory  nature.  There  is  nothing,  in  material 
removed  upon  several  occasions  at  intervals  of  four  to  six 
weeks  between  removal,  to  warrant  the  assumption  that  in 

•  Received  for  publication  Feb.  la,  191a. 
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the  present  case  there  was  anything  akin  to  sarcomatosis.  At 
the  present  time  we  are  concerned  only  with  the  pigment 
producing  cells  of  the  skin.  While  the  inflammatory  pro- 
cess is  most  intense  in  the  tumor-like  areas,  the  less 
involved  pigmented  skin  also  gives  evidence  of  a  mild,  dif- 
fuse, inflammatory  process.  I  have  no  desire  to  add  any- 
thing, one  way  or  the  other,  to  the  controversy  as  to  whether 
any  of  the  pigment  present  in  normal  skin  is  actually  pro- 
duced by  the  epidermal  cells  in  which  it  is  found.  In  my 
material  the  increased  pathological  pigmentation  is  due  to  an 
increase  in  the  number  of  chromatophores  in  the  subepider- 
mal tissues.  These  cells  have  reacted  to  the  inflammatory 
stimulus  by  proliferation  just  as  have  the  other  elements, 
connective  tissue  and  endothelium,  present  in  the  same 
region.  The  cells  of  the  stratum  mucosum  of  the  epidermis 
show  no  appreciable  increase  in  pigment  content.  This  is 
probably  to  be  explained  by  the  fact  that,  because  of  the 
diff'use  character  of  the  inflammation,  the  chromatophores 
are  more  deeply  situated  than  normal.  Only  very  few  are 
present  immediately  beneath  the  epidermis,  so  that  the  pig- 
ment is  not  readily  transferred  to  the  cells  of  the  latter. 
Because  the  chromatophores  are  reacting  by  moderately 
rapid  proliferation,  as  are  the  other  cells  of  the  cutis,  to  what 
appears  to  be  a  relatively  mild  inflammatory  stimulus,  the 
material  has  been  especially  fortunate.  Several  stages  of  the 
life  history  of  the  pigment-producing  cell  are  present  in  every 
field,  so  that  the  cycle  of  the  cell  from  youth  to  old  age  can 
be  more  readily  studied  than  is  the  case  in  the  slow  multipli- 
cation of  the  normal  skin  on  the  one  hand  or  the  abnormally 
rapid  multiplication  with  its  many  disturbing  factors  in  the 
malignant  pigment  cell  tumors  on  the  other. 

It  is  not  necessary  to  review  the  differences  in  opinion 
which  have  existed  and  which,  perhaps,  still  exist  as  to  the 
nature  of  the  pigment  cell.  Marchand  and  Ziegler,  among 
pathologists,  have  been  strong  in  their  opposition  to  the  idea, 
prevailing  in  pathological  literature,  that  the  chromatophore 
differs  from  the  ordinary  connective  tissue  cell  only  in  the 
pigmentation  of  its  protoplasm. 
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Schneider  (1902)  in  his  very  exhaustive  Lehrbuch  der 
vergleichenden  Histologie  der  Thiere  gives  the  chromocyte 
only  the  merest  mention  in  speaking  of  cells  whose  proto- 
plasm shows  granules.  Prenant  (1904)  considers  the  pigment 
producing  cells  to  be  specialfzed  cells.  That  the  chromato- 
phore  present  in  the  cutis  beneath  the  epidermis  —  the  pig- 
ment cell  which  alone  is  the  subject  of  this  paper  —  is  of 
mesoblastic  origin  is  so  evident  as  to  require  no  proof.  It 
differs  morphologically,  however,  from  the  mesodermal  con- 
nective tissue  cells  among  which  it  lies  in  its  non-formation 
of  fibrils.  In  young  and  adult  pigment  cells  in  normal, 
inflammatory  and  tumor  material  I  have  never  been  able  to 
demonstrate  fibroglia  fibrils  by  the  use  of  Mallory's  staining 
methods.  That  the  dermal  chromatophore  differs  greatly 
from  the  connective  tissue  cell  in  the  development  asso- 
ciated with  a  highly  specialized  funqtion  is  the  chief  point 
that  I  wish  to  establish. 

As  to  the  chemical  nature  of  the  pigment  little  enough  is 
known.  Concerning  the  mode  of  its  formation  divergent 
opinions  have  been  held.  List  (1889)  and  Ehrmann  (1885, 
1886,  1892,  1896)  have  stated  that  the  pigment  is  derived 
directly  from  the  hemoglobin;  Jarisch  (1891)  that  it  is  a 
protoplasmic  product,  not  derived  from  the  blood  and 
Kromayer  (1893,  1897)  that  it  is  formed  by  a  degeneration 
of  protoplasmic  fibrillae,  a  spongioplasm.  That  it  is  cer- 
tainly not  derived  from  the  hemoglobin  Of  the  blood,  that  it 
is  not  a  product  of  the  cytoplasm  alone  and  that  it  is  not  a 
degeneration  in  the  ordinary  sense  of  that  term  I  hope  to  show. 

Leaving  out  of  consideration  the  cells  whose  normal 
function  it  is  to  produce  pigment,  something  has  been  added 
to  our  knowledge  of  pigment  formation  by  cytological 
studies.  In  the  heliozoon  (Actinosphaerium  eichhorni),  in 
the  condition  of  depression  into  which  this  multinucleated 
protozoon  falls  under  certain  conditions,  R.  Hertwig  (1904) 
described  the  transformation  of  chromatin  into  pigment.  It 
is  useless,  excessive  chromatin  which  has  been  cast  out  into 
the  cytoplasm  which  is  thus  changed.  Only  a  small  propor- 
tion of  the  extruded  nuclear  material  is  so  altered.     Howard 
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(1908a),  working  upon  the  same  animal  under  the  same 
conditions,  also  noted  the  transformation  of  extranuclear 
chromatin  into  pigment  and  was,  furthermore,  able  to  detect 
the  same  change  within  the  hypertrophied  and  hyperchro- 
matic  nuclei  themselves.  Rossle  (1904)  described  the 
transformation  of  extranuclear  chromatin  into  pigment  in  the 
cells  of  melanomata.  Howard  and  I  (191 1)  have  seen  a 
similar  process,  in  very  rare  instances,  in  tumors  derived  from 
nonpigmented  cells.  In  Actinosphaerium  eichhorni,  in 
which  the  derivation  of  pigment  from  chromatin  is  best 
established,  the  process  is  a  purely  degenerative  one.  The 
pigment  comes  from  chromatin  which  has  been  extruded 
from  the  nucleus  for  the  purpose  of  decreasing  the  marked 
hyperchromatism  present  in  the  depressed  organisms.  The 
greater  portion  of  the  chromatin  is  broken  down  by  the 
cytoplasm  or  cast  out  from  the  latter.  Only  a  small  por- 
tion, not  broken  down  or  extruded  rapidly  enough,  is 
transformed  into  pigment,  which  in  its  turn  is  extruded.  A 
similar  derivation  of  pigment  occurs  in  the  dermal  chroma- 
tophores.  But  here  the  process  is  not  a  degenerative  one  — 
the  chromatophore  is  a  highly  differentiated  cell  whose  nor- 
mal function  is  the  formation  of  pigment;  the  process  is  the 
result  of  specialized  physiological  activity. 

For  an  interpretation  of  the  series  of  changes  through 
which  the  dermal  chromatophore  passes  in  the  cycle  from 
its  infancy  to  its  senility  there  is  necessary  some  understand- 
ing of  R.  Hertwig's  nucleus-plasma  relation  doctrine,  a  doc- 
trine of  the  most  fundamental  importance  in  cellular  physi- 
ology. The  facts  upon  which  this  theory  are  based  have 
recently  been  reviewed  by  Howard  (1908b),  so  that  a 
restatement  is  not  necessary  here.  The  most  important  and 
essential  feature  of  the  nucleus-plasma  relation  is  the  definite 
volume  relationship  which  exists  for  every  species  of  cell,  a 
relationship  which  may  vary  within  physiological  limits  in 
various  conditions  of  growth  and  activity  of  the  cell.  This 
basic  principle  has  most  widespread  application.  A  neces- 
sary corollary  of  the  doctrine  and  one  of  chief  importance 
for  our  present  purpose  is  the  proof  offered  by  it  of  the 
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mutual  interdependence  of  nucleus  and  cytoplasm  and  of 
the  consequent  participation  of  the  nucleus  in  cellular 
activity.  A  further  point  brought  out  by  R.  Hertwig  was 
the  extrusion  of  chromatin  from  the  nucleus  into  the  cyto- 
plasm in  experimentally  depressed  protozoa,  the  purpose  of 
this  phenomenon  being  a  restoration  of  the  normal  nucleus- 
plasma  balance  by  relieving  the  hypertrophied  nucleus  of 
some  of  its  superabundant  material.  These  extruded  chro- 
matin granules  he  termed  chromidia.  Our  knowledge  of 
chromidia  and  of  their  varying  nature,  fate,  and  function 
has  been  greatly  widened  since  R.  Hertwig's  earliest  observa- 
tions. The  chromidia  of  R.  Hertwig  were  chromatin  gran- 
ules and  masses  present  in  the  cytoplasm,  which  had  been 
cast  out  from  the  nucleus  to  decrease  the  nuclear  volume 
and  to  prevent  fatal  depression;  arrived  in  the  cytoplasm 
they  were  of  no  functional  value  to  the  cell.  Extranuclear 
chromatin  becomes  a  much  more  important  cell  constituent 
in  Goldschmidt's  (1904)  idea  of  the  chromidial  apparatus. 
In  very  highly  active  cells  the  nuclear  derivatives  normally 
present  in  the  cytoplasm  are  not  excessive  chromatin  which 
is  merely  to  be  gotten  rid  of,  but  constitute  an  element  of 
the  cell  essential  for  the  specialized  activity  of  the  cell.  The 
chromidial  apparatus  of  Goldschmidt  is  as  truly  a  cellular 
organelle  as  is  the  locomotory  apparatus  of  a  protozoon  and 
for  certain  cells  has  a  characteristic  morphology.  The  Nissl 
granules  of  the  nervous  system  ganglion  cells  constitute  the 
most  familiar  example  of  functional  extranuclear  chromatin, 
an  example  of  a  chromidial  apparatus  of  quite  characteristic 
morphology. 

Goldschmidt's  conclusions  were  based  largely  upon  a 
study  of  the  muscle  cells  of  a  species  of  Ascaris,  He 
showed  that  during  rest  a  chromidial  net  is  formed  by  the 
passage  of  chromatin  from  the  nucleus  into  the  cytoplasm 
and  that  this  extranuclear  material  is  used  up  during  the 
activity  of  the  muscle  cell,  to  be  again  replaced  during  the 
next  resting  period.  Dolley  (1909a,  1909b,  1910)  has 
established  that  a  similar  process  occurs  in  the  ganglion  cell. 
He  has  described  the  formation  of  a  chromidial  apparatus 
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(storing  up  of  Nissl  substance)  during  rest,  its  partial  con- 
sumption during  normal  activity,  its  disappearance  and 
secondary  replacement  during  activity  leading  to  fatigue 
and  the  practically  complete  consumption  of  both  extra- 
and  intra-  nuclear  chromatin  in  the  continued  over-activity 
which  leads  to  the  exhaustion  and  death  of  the  cell. 

The  formation  of  secretion  products  from  nuclear  mate- 
rials has  been  noted  by  a  number  of  observers  in  metazoan 
gland  cells  and  in  secreting  plant  cells.  In  such  cells  the 
extranuclear  material  constitutes  a  chromidial  apparatus. 

In  the  dermal  chromatophores  nuclear  derivatives  enter 
directly  into  the  formation  of  pigment.  It  is  upon  the 
nuclear  materials  that  the  specialized  function  of  the  cell  is 
dependent.  The  process  is  identical  with  that  which  takes 
place  in  gland,  muscle,  and  ganglion  cells  —  the  participation 
of  the  nucleus  in  specialized  cell  function  by  a  trans- 
formation of  nuclear  derivatives  into  the  products  or 
physiological  activities  characteristic  of  the  cell.  But  the 
chromatophore  differs  from  Goldschmidt's  muscle  cell  and 
Dolley's  ganglion  cell  in  that  in  both  the  latter  cellular 
activity  is  intermittent,  whereas  in  the  pigment  cell  the 
formation  of  its  characteristic  product  is  a  continuous  pro- 
cess. Changes  do  not  follow  by  alternate  stages,  as  in 
muscle  and  ganglion  cells,  but  by  a  gradual  and  continuous 
succession  of  events  which  begins  in  the  cell's  infancy  and 
stops  with  its  senility. 

In  the  participation  of  the  nucleus  in  cellular  activity  the 
nucleolar  substance  takes  an  important  part.  According  to 
R.  Hertwig  (1902)  the  chief  function  of  this  material  is  the 
organization  of  chromatin  by  uniting  to  itself  substances 
derived  from  the  cytoplasm.  When,  after  having  been 
extruded  from  the  nucleus  into  the  cytoplasm,  the  chroma- 
tin breaks  down,  the  characteristic  basic  staining  reaction 
disappears  and  gives  way  to  the  acid  staining  property  of  the 
nucleolar  substance.  This  change  is  well  seen  in  the  karyor- 
rhexis  associated  with  necrosis.  It  occurs  in  the  chromato- 
phore when  chromatin  is  transformed  into  pigment. 

The    description    which    follows    is    based    largely  upon 
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Zenker  fixed  material  stained  with  eosin  and  Unna's  alkalin 
methylene  blue.  The  changes  noted  are  considered  stages 
in  a  chain  of  events.  The  definite  and  orderly  sequence  of 
these  stages  constitutes  the  life  cycle  of  the  chromatophore. 
That  they  follow  each  other  in  the  order  indicated  cannot  be 
proven  with  absolute  certainty  from  a  study  of  fixed  material 
alone.  But  the  sequence  is  such  as  conforms  to  established 
cytological  facts  —  the  latter  do  not  permit  any  other 
interpretation. 

The  earliest  stage  in  the  life  cycle  of  the  chromatophore 
is,  necessarily,  one  which  cannot  be  recognized  with  cer- 
tainty. It  is  an  undifferentiated  mesoblastic  cell,  differing 
little  or  not  at  all  from  the  other  mesodermal  cells  (fibro- 
blasts and  endothelial  cells)  present.  The  finely  meshed 
cytoplasm  constitutes  a  quite  considerable  proportion  "of 
the  cell  volume.  The  nucleus  is  large,  vesicular,  with  most 
of  its  chromatin  in  the  form  of  very  fine  granules  scattered 
about  upon  a  linin  reticulum  whose  meshes  are  somewhat 
coarser  than  those  of  the  cytoplasm.  In  addition  to  the 
finely  granular  chromatin  one,  .rarely  two  to  four,  larger 
chromatin  masses  may  be  present. 

A  little  later  the  ^ells  begin  to  differentiate.  They  begin 
to  take  on  certain  morphological  characteristics  which  lead 
up  to  those  that  distinguish  the  adult  cell.  The  cell  body  is 
elongated  and  spindle  shaped.  Such  cells  are  mtkh  like 
young  connective  tissue  cells  in  which  fibril  formation  is  just 
beginning.  In  the  differentiating  chromatophore,  however, 
the  nucleus  is,  as  a  rule,  broader  than  that  of  a  spindle  con- 
nective tissue  cell  of  the  same  size.  More  important  than 
the  change  in  shape  which  occurs  at  this  time  is  the  altera- 
tion in  the  cytoplasm.  The  latter  has  a  diffuse  bluish  color, 
due  to  the  presence  of  minute  chromatin  granules.  Fre- 
quently these  granules  form  a  fine  but  quite  definite  cyto- 
plasmic meshwork.  Cells  with  such  an  early  chromidial  net 
may  already  show  the  beginning  of  the  branching  which 
becomes  so  marked  in  the  adult  cell.  In  this  stage  the 
nucleus  is  still  vesicular,  a  trifle  smaller  than  that  of  the 
undiflferentiated  cell  and  with  a  chromatin  content  at  least 
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equal  to  that  of  the  earliest  stages  noted.  The  fact  that  the 
chromatin  content  of  the  nucleus  has  not  appreciably 
decreased,  in  spite  of  the  amount  of  chromatin  which  has 
been  given  off  to  the  cytoplasm,  is  evidence  of  continued 
nuclear  activity.  Chromatin  formation  upon  the  part  of  the 
nucleus  must  at  least  equal  the  transferral  of  nuclear  material 
to  the  cytoplasm. 

There  are  present  in  small  numbers  cells  which  have  not 
yet  begun  to  show  any  change  in  shape,  but  whose  cytoplasm 
contains  relatively  large  chromatin  clumps.  It  is  impossible 
to  say  whether  such  cells  are  an  intermediate  stage  between 
the  undifferentiated  cell  and  the  spindle  or  branched  cell 
with  a  fine  chromidial  network  or  whether  they  are  examples 
of  a  disturbance  of  the  normal  course  of  events.  They  are 
not  numerous,  so  that  they  would  not  seem  to  be  a  normal 
intermediate  stage.  On  the  other  hand,  there  is  evidence,  to 
be  noted  later,  that  the  normal  process  of  differentiation  may 
become  upset. 

After  the  cell  has  elongated  and  chromatin  has  made  its 
appearance  in  the  cytoplasm  there  occur  the  changes  which 
are  more  directly  associated  with  the  formation  of  pigment. 
The  cytoplasm  has  a  decided  violet  tinge.  This  color  is  due 
to  the  presence  of  innumerable  minute  chromatin  granules, 
like  those  already  noted  in  an  earlier  stage,  and  many  gran- 
ules of  varying  but  somewhat  larger  size  which  stain  deeply 
with  eosin.  Bearing  in  mind  the  relation  of  chromatin  and 
nucleolar  substance  to  each  other,  the  red  stained  granules 
are  the  older  and  have  been  formed  by  a  fusion  of  extra- 
nuclear  chromatin  granules,  the  basic  staining  property  dis- 
appearing with  the  increase  in  age.  Brown  pigment  granules, 
considerably  larger  than  the  red  stained  ones,  are  already 
present,  and  there  are  seen  all  gradations  in  size  and  color 
from  small  red  granules  to  large  brown  ones.  The  nucleus 
retains  its  original  size  but  is  loaded  with  chromatin.  The 
latter  material  is  being  constantly  formed  by  the  nucleus  in 
an  amount  even  greater  than  that  transferred  to  the  cyto- 
plasm to  be  here  transformed  into  nucleolar  substance  and 
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then  into  pigment.  Cells  of  the  kind  described  bear  a  strik- 
ing resemblance  to  very  active  gland  cells.  The  similarity  is 
heightened  by  the  actual  extrusion  of  pigment  granules  from 
the  cytoplasm.  The  cells  are  arranged  with  their  long  axes 
parallel  to  the  surface  of  the  skin  and  the  pigment  extrusion 
is  always  much  more  marked  on  the  side  toward  the  epi- 
dermal surface. 

Having  passed  through  the  very  active  adolescent  stage 
the  cell  approaches  maturity.  The  activity  of  the  nucleus 
decreases.  Chromatin  extrusion  has  exceeded  chromatin 
formation.  The  nucleus  loses  the  hyperchromatism  which 
characterizes  the  previous  very  active  stage  and  the  amount 
of  chromatin  in  the  cytoplasm  is  small.  Most  of  the  cyto- 
plasmic chromatin  has  been  transformed  into  nucleolar  sub- 
stance and  much  of  the  latter  has  been  changed  into  pigment. 
The  cell  is  now  greatly  elongated  with  very  fine  processes. 

Although  the  transference  of  nuclear  materials  to  the 
cjrtoplasm  has  ceased,  the  transformation  of  the  nuclear 
derivatives  already  present  outside  the  nucleus  continues 
until  practically  all  the  granules  which  in  the  earlier  stage 
stained  red  become  changed  into  pigment.  Where  the 
cytoplasm  can  be  seen  between  the  brown  pigment  granules 
it  has  the  finely  meshed  network  and  the  faint  pink  color  of 
undifferentiated  protoplasm.  The  nucleus  is  vesicular,  well 
rounded,  and  apparently  rich  in  fluid. 

With  the  cessation  of  activity  the  cell  passes  into  a  resting 
condition  of  senescence.  It  now  shows  the  multiple  branch- 
ing so  characteristic  of  the  chromatophore  of  the  normal 
skin.  The  cytoplasm  is  densely  packed  with  dark  brown 
granules  of  varying  size.  The  nucleus  has  lost  fluid,  is 
irregular  in  shape  and  is  so  condensed  and  so  deeply  stained 
that  a  reticulum  cannot  be  seen.  In  most  cells  it  is  lobu- 
lated ;  often  it  is  broken  into  two  or  a  small  number  of  frag- 
ments. The  lobulation  and  fragmentation  are  not  to  be 
confounded  with  the  karyorrhexis  of  a  dead  cell.  They  are 
evidence,  not  of  the  death,  but  of  the  old  age  of  the  nucleus, 
just  as  similar  changes  in  the  nuclei  of  polymorphonuclear 
leucocytes  and  other  cells  indicate  senility. 
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Mention  was  made  above  of  disturbances  in  the  normal 
sequence  of  events.  Certain  cells  show  changes  which  indi- 
cate that  differentiation  of  cytoplasmic  structure  may  be 
premature,  that  it  may  outrun  the  differentiation  of  cell 
shape.  As  a  possible  example  of  such  a  process  attention 
was  called  to  the  irregularly  polyhedral  cells  which  contain 
relatively  large  chromatin  masses.  Other  cells,  present  in 
fair  numbers,  show  a  cytoplasm  rich  in  fine  chromatin  gran- 
ules, but  with  the  spheroidal  or  polyhedral  shape  of  undiffer- 
entiated cells.  The  cell  body  is  that  of  an  embryonic  cell, 
the  cytoplasmic  structure  that  of  an  older  cell  which  has 
become  spindle  shaped  or  branched.  The  nucleus  may  be 
somewhat  indented.  In  such  cells  the  nuclear  derivatives 
present  in  the  cytoplasm  undergo  the  same  changes  as  in 
the  normal  cycle.  Granules  which  take  the  stain  of  nucle- 
olar substance  and  others  with  the  brown  color  of  finished 
pigment  make  their  appearance.  In  this  way  there  may 
be  produced  spheroidal  cells  filled  with  brown  pigment, 
that  is,  cells  which  have  not  undergone  the  normal  differenti- 
ation in  shape  but  in  which  the  cytoplasmic  elements  have 
run  through  their  entire  sequence  of  changes.  Spheroidal 
cells  deeply  laden  with  pigment  occur  in  great  numbers  in 
rapidly  growing  melanomata.  Since  the  chromatophores  of 
many  lower  animals  are  contractile  the  same  property  has 
been  given  as  the  explanation  of  the  spheroidal  cells  of 
tumors.  Until  active  contractility  of  the  pigment  cell  of  the 
human  skin  is  proven  it  seems  unnecessary  to  fall  back  upon 
such  a  purely  theoretical  property  to  explain  the  spheroidal 
adult  cells  present  in  pigmented  tumors.  In  the  tumor  cell 
the  growth  rate  is  much  more  rapid  than  normal.  Nuclear 
materials  are  extruded  in  abnormal  amounts  and  are  trans- 
formed into  pigment  before  there  is  time  for  the  cells  to  take 
on  the  normal  elongated  and  branched  shape. 

In  the  diffuse,  subacute,  inflammatory  process  which  has 
involved  the  skin  the  chromatophores  have  reacted  by  pro- 
liferation. In  the  undifferentiated  mesoblastic  cells  mitoses 
are  seen.  Just  what  proportion  of  such  cells  in  indirect 
division   are   young  chromatophores  cannot  be  determined 
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because  the  cell  has  not  the  morphological  characteristics 
which  permit  its  certain  recognition.  Even  if  the  majority 
of  the  cells  in  mitosis  were  chromatophores  they  are  not 
numerous  enough  to  account  for  the  number  of  adult  and 
senile  cells  which  have  been  produced.  In  a  considerable 
number  of  cells  which  already  show  the  differentiation  of 
cytoplasmic  structure  characteristic  of  the  developing  chro- 
mocyte  two  nuclei  are  present.  Earlier  stages  which  indicate 
a  direct  nuclear  division  are  also  seen.  In  tumor  cells 
amitosis  occurs  with  such  frequency  as  to  indicate  that  it  is 
an  important  factor  in  the  very  active  proliferation.  In  the 
increased  multiplication  of  the  chromatophores  in  the 
inflammatory  condition  studied  direct  division  appears  to 
predominate  over  mitosis. 

The  young  pigment  cells  produced  by  the  inflammatory 
proliferation  must  have  come  originally  from  the  senile 
chromatophores  present  in  the  normal  skin.  Nothing  has 
been  seen,  however,  to  indicate  through  what  stages  the 
senile  cells  pass  to  render  them  capable  of  division.  Certain 
it  is  that  the  senile  cell,  as  such,  is  incapable  of  multiplica- 
tion. The  most  probable  explanation  of  what  occurs  is  the 
loss  of  the  pigmented,  completely  differentiated  cytoplasm 
and  a  reorganization  of  the  senile  nucleus  by  the  taking  up 
of  fluid.  This  nuclear  reorganization  is  followed  by  aperiod 
of  growth  upon  the  part  of  both  the  nucleus  and  the  small 
amount  of  cytoplasm  surrounding  it,  leading  to  the  forma- 
tion of  an  undifferentiated  cell  of  the  mesoblastic  type. 
Such  cells  are  capable  of  mitosis  before  differentiation 
begins  and  of  direct  division  after  the  process  of  differenti- 
ation has  been  initiated. 

SUMM.\RY. 

In  the  skin  from  a  case  of  almost  universal  pigmentation 
of  inflammatory  origin  the  subepidermal  chromatophores 
are  greatly  increased  in  number. 

The  proliferating  pigment  cells  show  changes  indicative  of 
a  high  degree  of  physiological  specialization. 
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In  the  beginning  of  the  process  of  differentiation  chroma- 
tin is  thrown  out  of  the  nucleus  into  the  cytoplasm,  leading 
to  the  formation  of  a  functional  chromidial  net. 

The  chromatin  present  in  the  cytoplasm  becomes  changed 
into  a  material  which  has  the  staining  reactions  of  nucleolar 
substance.  Further  change  leads  to  the  transformation  of 
this  material  into  pigment. 

The  pigment  produced  is  derived  directly  from  nuclear 
materials.  It  is  probable  that  in  this  transformation  special- 
ized activity,  chemical  or  catalytic,  upon  the  part  of  the 
cytoplasm  also  takes  part,  since  in  other  cells  in  which  active 
chromidiosis  occurs  none  or  only  a  very  small  proportion  of 
the  extruded  chromatin  is  transformed  into  pigment. 

The  pigment  produced  by  the  pigment  forming  cells  of 
the  skin  is  not  a  hemoglobin  derivative  and  it  is  not  a  degen- 
eration in  the  ordinary  sense.  It  is  the  product  of  the 
specialized  physiological  activity  of  the  cell  by  which 
nuclear  derivatives  are  transformed  directly  into  pigment. 

In  the  early  stages  of  differentiation  the  chromatophores 
may  divide  by  amitosis. 
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BiBUOGRAPHY. 

Introduction.  —  In  a  review  of  the  exhaustive  literature 
which  has  developed  concerning  acute  nephritis  one  is  struck 
by  the  disproportion  which  exists  in  the  various  experimental 
and  clinical  observations  between  the  relative  importance 
that  is  attributed  to  the  vascular  and  to  the  epithelial  changes 
in  leading  to  a  condition  of  anuria.  This  is  true  whether  the 
subject  be  approached  from  the  experimental  or  from  the 
clinical  side. 

It  is,  of  course,  realized  that  both  elements  of  the  kidney 
participate  in  the  development  of  such  a  condition ;  and  yet 
almost  without  exception  the  vascular  reaction  has  received, 
both  from  the  experimental  and  from  the  clinical  side,  the 
major  consideration  and  the  epithelial  changes  have  been 
relegated  to  a  place  of  minor  importance,  so  far  as  these 
changes  are  concerned,  in  influencing  the  total  output  of 
urine. 

Whether  or  not  at  the  present  time  we  agree  with  the 
statement  of  Cohnheim,^  that  "  it  need  hardly  be  added 
that  cloudy  swelling  and  fatty  degeneration  of  the  tubular 

*  Received  for  publication  Feb.  3, 19x2. 
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epithelium  can  never  cause  even  the  slightest  resistance  to 
the  passage  of  urine,"  and  no  matter  what  theory  or  com- 
bination of  theories  we  hold  concerning  the  formation  of 
urine,  one  fact  is  certainly  established  that  whatever  urine 
there  is  formed  makes  its  exit  from  the  kidney  by  passing 
through  tubules  lined  by  epithelium,  and  that  this  epithelium 
colloidal  in  nature  is  competent  to  swell  and  partly  or  com- 
pletely block  the  channel  through  which  the  urine  is 
passing. 

While  the  epithelial  element  of  the  kidney  will  be  prin- 
cipally studied  in  the  pathological  reaction  obtained  in  vari- 
ous acute  experimental  nephritides,  it  is  not  the  intention 
of  this  investigation  to  minimize  the  part  played  either  in 
an  anatomical  or  in  a  physiological  way  by  the  vascular 
changes  developing  during  the  same  reaction. 

Again,  the  present  study  has  been  conducted  primarily 
from  an  anatomical  standpoint,  and  it  may  be  questioned 
whether  or  not  it  is  justifiable  to  make  physiological  deduc- 
tions from  anatomical  alterations.  It  is  fully  realized  that  a 
real  danger  may  be  encountered  here,  but  if  there  be  a  con- 
stant association,  especially  if  the  environment  differs,  of 
anatomical  changes  with  physiological  alterations,  this  ele- 
ment of  constancy  tends  to  minimize  the  danger.  Even 
though  in  the  case  of  the  kidney  this  statement  be  true,  and 
granting  that  the  association  of  anatomical  changes  be  con- 
stant, such  an  association  does  not  conclusively  differentiate, 
as  is  the  case  in  this  investigation,  which  one  of  the  kidney- 
elements,  epithelial  or  vascular,  is  principally  concerned  in 
reducing  the  output  of  urine  or  in  causing  an  anuria.  This 
important  part  of  the  investigation  dealing  primarily  with 
the  physiological  reaction  of  the  kidney  in  experimental 
nephritis,  in  which  either  the  vascular  or  epithelial  element 
of  the  kidney  is  principally  involved,  has  formed  the  basis 
of  another  investigation.  The  deductions  which  are  allow- 
able from  this  standpoint  substantiate  the  deductions  which 
will  be  made  from  the  following  anatomical  data. 

The  present  investigation  has  for  its  object  a  study  of  the 
renal   epithelium   in  various   types   of  acute   experimental 
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nephritis  with  the  object  in  view  of  determining  to  what 
extent,  if  any,  the  total  output  of  urine  may  be  correlated 
with  changes  in  the  renal  epithelium,  especially  those  of  an 
obstructive  nature. 

Review  of  the  literature.  —  The  following  review  of 
the  literature  dealing  with  the  subject  under  discussion  is 
purposely  limited.  Those  contributions  on  acute  nephritis 
have  been  selected  which  have  some  definite  bearing  upon 
the  subject  of  this  paper,  e.g.^  the  epithelial  changes.  The 
experimental  investigations  have  been  selected  with  the 
exclusion  of  clinical  observations  even  though  the  latter  are 
of  great  value.  The  principal  reason  for  such  an  exclusion 
is  that  the  clinical  deductions  relative  to  the  kidney  pathology 
are  very  frequently  not  substantiated  by  post-mortem  exami- 
nation, and  without  such  a  control  the  element  of  surmise  is 
so  great  that  it  has  seemed  advisable  to  exclude  such 
observations. 

The  two  most  important  of  recent  contributions  to  the 
study  of  experimental  acute  nephritis  are  those  by  Schlayer 
and  Hedinger,*  and  by  Pearce,  Hill,  and  Eisenbrey.'  The 
latter  investigation  was  modelled  to  a  considerable  extent 
after  the  first  one,  but  differs  in  several  particulars  and 
especially  in  the  type  of  animal  in  which  the  various  reactions 
were  studied.  The  former  investigators  employed  exclusively 
the  rabbit,  the  latter  the  dog. 

The  primary  object  of  the  investigation  by  Schlayer  and 
Hedinger  was  to  determine  the  difference  in  the  vascular 
reaction  in  the  two  main  types  of  nephritis,  e.g,^  the 
glomerular  and  the  tubular.  For  their  studies  in  the  vascu- 
lar type  they  employed  as  kidney  poisons,  cantharidin, 
arsenic  and  diphtheria  toxin,  and  for  the  tubular  type  potas- 
sium chromate  and  corrosive  sublimate. 

In  the  early  stages  of  the  nephritis  induced  by  the  chro- 
roate  and  by  mercury  they  found  that  the  animal  eliminated 
a  larger  amount  of  water;  while  in  the  cantharidin  animals 
^he  initial  polyuria  was  absent.  As  the  cantharidin  nephri- 
tis progressed,  or  if  much  cantharidin  was  primarily  employed 
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in  the  production  of  the  nephritis,  the  diuresis  was  slight  or 
wholly  absent. 

The  initial  diuretic  effect  of  various  renal  irritants  has  been 
very  frequently  noted.  As  will  be  later  indicated,  this  reac- 
tion on  the  part  of  the  kidney  has  developed  rather  constantly 
in  the  series  of  animals  employed  in  this  investigation. 

Austin  and  Eisenbrey  *  noted  the  occurrence  of  diuresis  in 
nephritis  due  to  small  doses  of  uranium  and  cantharidin  and 
also  noted  a  transient  increase  in  the  elimination  of  chlorides 
at  the  same  time  that  the  output  of  urine  was  increased. 

Weber,*  working  with  chromate  nephritis,  noted  an 
increased  flow  of  urine  in  the  early  stages,  the  severer  grades 
of  the  nephritis  being  accompanied  by  an  anuria  which  was 
uninfluenced  by  theocin. 

Helen  and  Spiro  *  observed  in  the  glomerular  nephritis 
produced  by  cantharidin  that  the  excretion  of  water  was 
greatly  lessened,  and  that  the  diuretic  effect  of  fluids,  saline 
diuretics,  cafiein,  and  phlorizin  was  diminished  or  abolished, 
and  also  that  those  nephritic  poisons  which  acted  on  the 
tubular  epithelium  had  less  effect  in  increasing  the  output 
of  urine.  This  last  statement  is  certainly  in  accord  with  the 
results  usually  obtained  from  using  tubular  poisons. 

Ruschaupt,^  employing  the  chromates  in  rabbits  in  small 
doses,  obtained  a  slight  diuresis;  while  Cohnstein,®  Vejux- 
Tyrode  and  Nelson  ^  were  able  to  produce  diuresis  in  rabbits 
by  the  use  of  preparations  of  mercury. 

In  the  above  mentioned  instances  in  which  preparations  of 
mercury  were  employed,  these  substances  were  used  pri- 
marily in  a  study  of  their  diuretic  effect  and  not  as  renal 
poisons.  It  is  likely  that  diuresis  induced  by  such  sub- 
stances borders  very  closely  upon  a  beginning  nephritis, 
glomerular  in  character.  The  same  statement  would  apply 
to  the  diuresis  induced  by  such  irritants  as  turpentine. 

The  investigation  of  Pearce,  Hill,  and  Eisenbrey'  is  princi- 
pally concerned  with  the  vascular  reaction  in  acute  nephritis. 
It  takes  into  consideration  in  some  detail  an  account  of  the 
epithelial  alterations.  The  authors  were  able  to  distinguish 
types  of  nephritis  in  which  either  the  tubular  or  the  vascular 
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changes  predominated.  They  were  not  able  to  conclude, 
however,  that  a  given  poison  produced  an  exclusively  tubular 
or  vascular  injury.  Potassium  chromate,  corrosive  sublimate 
and  uranium  nitrate  caused  extensive  tubular  injury  and  in 
the  early  stages  of  the  nephritis  showed  no  evidence  of 
vascular  injury,  except  physiologically.  When  such  methods 
were  employed  they  were  able  to  demonstrate  in  the  early 
stages  an  exaggerated  contraction  and  dilatation  of  the  ves- 
sels and  also  an  increased  diuresis. 

Arsenic  and  cantharidin  acted  as  vascular  poisons  and 
produced  but  little  injury  to  the  tubules.  Both  of  these 
poisons  tended  to  cause  an  anuria,  which  was  characterized 
by  minimal  contraction  and  dilatation  of  the  renal  vessels 
and  little  or  no  flow  of  urine. 

Finally  in  this  investigation  two  types  of  late  tubular 
nephritis  are  described:  one  anuric  and  accompanied  by 
gastro-intestinal  symptoms  and  the  other  polyuric  until  the 
time  of  anesthesia. 

In  the  later  investigation  by  Pearce  and  Eisenbrey,^*^  which 
consists  in  a  physiological  study  of  experimental  nephritis 
due  to  bacterial  poisons  and  cytotoxic  sera,  the  authors  were 
again  able  to  show  that  different  poisons  affected  different 
kidney  structures.  In  addition  to  this,  they  were  able  to 
show  that  in  a  nephritis  with  little  or  no  anatomical  evidence 
of  vascular  injury,  physiologically  the  vascular  incompetency 
might  be  pronounced,  and  conversely  that  in  a  nephritis  with 
anatomical  evidence  of  vascular  injury  the  physiological 
reaction  might  be  negative. 

Pearce,"  in  his  Harvey  lecture  on  "  The  Problems  of 
Experimental  Nephritis,*'  furnishes  a  classification  of  the 
usually  employed  kidney  poisons,  based  on  their  predomi- 
nating affinity  for  the  vascular  or  the  epithelial  elements  of 
the  kidney. 

Sollmann,^  in  an  extensive  review  of  the  drugs  irritant  to 
the  kidney,  notes  that  all  of  the  metals  so  far  as  they  have 
been  studied  cause  a  nephritis  when  absorbed  into  the  body. 

In  addition  to  the  investigations  which  have  been  mentioned. 
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that  deal  with  different  types  of  acute  experimental 
nephritis,  the  more  important  researches  which  have  been 
concerned  with  the  pathological  manifestations  of  one  type, 
are  as  follows : 

Uranium  nephritis.  —  Heineke  and  Myerstein,"  employing  uranium 
nitrate,  were  able  to  demonstrate  a  definite  vascular  disturbance  in  addi- 
tion to  a  pronounced  action  upon  the  renal  epithelium  ;  while  Dickson,**  in 
an  extensive  series  of  experiments  in  which  the  guinea-pig  was  the  animal 
employed,  came  to  the  same  conclusions. 

Christian,**  in  his  work  on  uranium  nephritis,  in  which  the  vascular 
reaction  was  studied,  observed  oval  or  irregular  homogeneous  droplets 
.5-4  microns  in  diameter  in  the  wall  of  the  capillaries  of  the  glome- 
rulus. This  observation  is  of  special  interest  on  account  of  the  rarity 
with  which  distinct  histological  transformations  have  been  observed  in  the 
glomerular  vessels. 

The  work  of  Schirokauer,  ••  on  the  uranium  nephritis  in  rabbits  is  of 
interest  on  account  of  the  associated  anasarca.  The  development  of  this 
condition  he  attributes  to  the  retention  of  salts,  especially  the  chlorides. 

Cantharidin  nephritis.  —  The  literature  on  cantharidin  nephritis  is  per- 
haps the  most  extensive  of  that  of  any  of  the  kidney  poisons.  Only  the 
more  important  investigations  will  be  reviewed  here. 

The  experiments  and  deductions  of  Helen  and  Spiro  in  this  type  of 
nephritis  have  been  previously  mentioned. 

Richter  and  Roth  "  in  their  work  on  cantharidin  nephritis  were  able  to 
show  that  small  doses  of  cantharidin  acted  almost  entirely  on  the  glome- 
ruli. This  action  consisted  in  a  dilatation  of  the  glomerular  vessels  with 
a  leucocytic  infiltration  of  Bowman's  capsule.  With  the  small  doses  the 
quantity  of  urine  was  increased ;  while  with  the  larger  doses  it  was 
diminished.  The  epithelium  of  the  convoluted  tubules  was  involved  by 
the  larger  doses,  and  this  late  in  the  nephritis.  Lyon  ''  described  similar 
epithelial  changes  to  those  observed  by  Richter  and  Roth  and  laid  special 
stress  upon  the  necrosis  of  the  epithelium  produced  by  cantharidin  in  the 
ascending  loops  of  Henle.  Bradford,**  noting  the  selective  action  of 
nephrotoxic  substances,  lays  stress  upon  the  glomerular  nephritis  induced 
by  cantharidin. 

These  apparently  contradictory  results  concerning  the  affinity  of  can- 
tharidin for  the  different  renal  tissues  can  in  great  measure  be  reconciled 
when  the  quantity  of  the  substance  employed  is  considered  and  when  the 
duration  of  the  nephritis  is  taken  into  account.  If  a  small  quantity  of 
cantharidin  be  employed  subcutaneously,  and  the  resulting  nephritis  be 
terminated  early,  the  glomerular  lesion  in  the  great  majority  of  instances 
predominates  rather  conspicuously.  On  the  other  hand  if  larger  doses  of 
cantharidin  be  employed,  or  if  small  doses  be  employed  and  the  nephritis 
be  allowed  to  continue  for  some  days,  the  epithelial  pathology  is  far  more 
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striking  than  is  the  vascular  pathology.     This  is  especially  true  of  the 
glomeruli. 

Arsenical  nephritis.  —  The  principal  observations  concerning  the 
nephrotoxic  action  of  arsenic  have  been  made  by  Helen  and  Spiro,*  and 
by  Pearce.  Hill  and  Eisenbrey.'  In  the  first  mentioned  investigation  the 
authors  consider  that  arsenic  causes  a  specific  paralysis  of  the  capillaries 
which  is  most  pronounced  in  the  glomerular  vessels.  The  space  in  Bow- 
man^s  membrane  may  be  obliterated  by  the  distended  vessels.  The 
epithelium  of  the  convoluted  tubules  was  affected  in  various  degrees, 
while  the  epithelium  of  the  straight  tubules  was  but  slightly  involved. 

In  the  latter  investigation  arsenic  finds  a  classification  as  a  vascular 
poison  along  with  cantharidin,  and  the  infrequency  with  which  the 
epithelium  is  attacked  is  mentioned. 

Chromate  nephritis.  —  Concerning  the  effect  of  the  chromates  as  kidney 
poisons  there  is  more  unanimity  of  opinion  than  is  the  case  with  any  of 
the  other  nephrotoxic  substances.  Though  they  differ  in  some  minor 
details,  especially  as  regards  the  vascular  reaction  from  this  group  of 
poisons,  the  principal  investigations  in  which  the  chromates  have  been 
employed  show  them  to  have  a  marked  predilection  for  the  renal  epithe- 
Ihun.  This  action  has  been  clearly  shown  by  the  work  of  Helen  and 
Spiro,*  Austin  and  Eisenbrey,^  and  Ruschaupt.^ 

Belonging  to  the  same  group  of  substances,  so  far  as  their  toxic  effect  is 
concerned,  are  bichloride  of  mercury  and  aloin. 

In  addition  to  the  observations  made  by  Pearce  on  the  toxic  effect  of 
bichloride  of  mercury  on  the  kidney,  Kobert*^  has  shown  that  in  addition 
to  the  usual  effect  mercury  produces  an  occlusion  of  the  renal  tubules  by 
calcareous  deposits. 

Murset,"  in  1885,  while  emplojring  aloin  as  a  kidney  poison,  observed 
that  it  produced  a  degeneration  of  the  epithelium  of  the  convoluted  tubules 
with  very  little  eflfect  on  the  vascular  side  of  the  kidney.  In  such  a 
nephritis  the  output  of  urine  varied.  In  some  instances  it  was  increased, 
while  in  others  it  was  diminished. 

In  addition  to  the  anatomical  studies  of  the  kidney  which  have  been 
made  during  its  reaction  to  various  nephrotoxic  substances,  the  renal 
epithelium  has  been  studied  during  a  diuresis  from  various  drugs  and 
when  subjected  to  the  action  of  solutions  of  various  salts  in  different 
molecular  concentrations. 

In  this  connection  V.  Sobieranski,"  and  Archard  and  Poisseau,**  were 
able  to  show  that  the  renal  cells  changed  morphologically  during  salt  and 
caffeine  diuresis.  In  caffeine  and  in  the  diuresis  produced  by  salts  the 
epithelium  decreased  in  size  and  showed  greater  prominence  of  its  brush 
border.  When  hypoisotonic  solutions  were  employed  the  epithelium 
increased  in  size. 

SoUmann  •*  and  Schmitter  **  have  both  shown  that  sections  of  kidney 
tissue  shrink  in  concentrated  and  swell  in  dilute  salt  solutions,  the  changes 
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in  volume  being  due  to  an  extraction  or  imbibition  of  fluid,  which  depends 
upon  the  strength  of  salt  solution  employed. 

Williams,**  working  in  Sollmann's  laboratory,  studied  the  cytological 
changes  in  the  renal  epithelium  when  subjected  to  the  action  of  water, 
caffeine  and  various  salts  in  different  strength  solutions.  He  employed 
both  fresh  and  hardened  sections.  The  histological  study  of  the  sections 
treated  with  the  various  solutions  was  not  sufficient  to  explain  the  changes 
in  weight  and  in  gross  appearance. 

V.  Sobieranski,"  in  a  continuation  of  his  work  previously  referred  to, 
demonstrated  histologically  that  the  cells  of  the  convoluted  tubules  were 
shrunken  and  the  lumen  widened  in  the  kidneys  of  rabbits  excised  during 
diuresis  from  hypertonic  salt  solution.  On  the  other  hand,  when  .65  per 
cent  hypotonic  solution  was  employed  the  cells  were  swollen  to  an  occlu- 
sion of  the  tubular  lumen. 

More  recently  Policard,***  in  studying  the  effect  of  salt  solutions  of 
various  strengths  on  the  cells  of  the  convoluted  tubules  of  white  rats,  has 
been  able  to  show  that  the  cells  are  altered  in  size  by  any  change  in  the 
strength  of  the  salt  solution. 

The  foregoing  review  of  the  literature  on  experimental 
acute  nephritis,  though  purposely  limited,  and  to  some 
extent  selected  for  its  bearing  upon  the  epithelial  pathology 
of  the  kidney,  is  sufficiently  extensive  to  show  the  scope  of 
previous  investigations  and  to  demonstrate  in  the  majority  of 
such  investigations  that  the  vascular  reaction  of  the  kidney 
has  received  the  most  attention,  both  anatomically  and 
physiologically. 

This  investigation  is  principally  concerned  with  the  epithe- 
lial pathology  of  the  kidney  and  is  especially  concerned  with 
the  part  such  changes  may  play  in  determining  the  quantita- 
tive output  of  urine. 

Source  of  material:  kidney  poisons;  dosage.  —  The  ani- 
mal employed  in  this  study  has  been,  without  exception, 
the  dog.  No  attempt  has  been  made  to  use  animals  of  even 
approximately  the  same  age,  though  the  use  of  animals 
either  extremely  old  or  young  has  been  avoided,  in  the 
realization  that  extremes  of  age  in  either  direction  might 
modify  a  usually  fairly  constant  reaction  on  the  part  of  the 
kidney  tissues. 

Again,  no  attempt  has  been  made  to  employ  animals  of 
approximately  the  same  weight,  for  if  the  factor  of  age  is 
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excluded  in  determining  the  weight,  the  tissue  response  to 
the  various  poisons  should  be  fairly  uniform,  provided  the 
quantity  of  poison  employed  is  determined  by  the  weight  of 
the  animal. 

The  experiments  which  form  the  basis  of  this  work  were 
commenced  in  1908.  The  number  of  animals  employed, 
though  not  perhaps  excessive,  is  sufficient  numerically  and 
the  constancy  of  results  obtained  will  withstand  conservative 
deductions. 

Nephrotoxic  substances  which  differed  widely  in  their 
toxic  effect  have  been  employed  for  the  purpose  of  observ- 
ing the  output  of  urine  when  either  the  vascular  or  the 
epithelial  element  of  the  kidney  was  the  most  affected. 
Finally,  a  poison  has  been  employed  which  in  appropriate 
doses  with  a  suitable  time  limit  for  its  action  affects  both 
elements  of  the  kidney.  By  the  use  of  a  variety  of  poisons 
and  by  allowing  rather  wide  latitude,  so  far  as  dosage  was 
concerned,  it  has  been  possible  to  produce  nephritides  in 
which  the  vascular  or  epithelial  pathology  was  dominant  or 
in  which  both  of  these  elements  were  fairly  uniformly 
involved. 

In  such  types  of  nephritis  the  output  of  urine  has  been 
studied  in  an  attempt  to  determine  which  element  of  the 
kidney  functionating  pathologically  has  most  influence  in 
regulating  the  total  output  of  urine. 

The  following  is  a  list  of  the  nephrotoxic  substances 
employed,  with  their  minimum  and  maximum  dose : 

Cantharidin :     i-io  milligrams  per  kilogram  intravenously. 

Cantharidin :     i  milligram  per  kilogram  subcutaneously. 

Potassium  dichromate :     2.5-50  milligrams  per  kilogram  subcutaneously. 

Potassium  dichromate :     5  milligrams  per  kilogram  intravenously. 

Sodium  arsenate :     1-20  milligrams  subcutaneously. 

Bichloride  of  mercury :     10  cubic  centimeters  per  kilogram  of  a  i-iooo 

solution. 
Aloin ;    2  cubic  centimeters  per  kilogram  of  a  2  per  cent  solution. 
Uranium  nitrate :     2.5-15  milligrams  subcutaneously. 

In  the  cantharidin  nephritis  eight  animals  were  used ;  in 
the  potassium    dichromate,  nine;    in   the  sodium   arsenate' 
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four;   in  the  uranium  nitrate,  six;  and  one  each  in  the  aloin 
and  bichloride  nephritis. 

Technical  methods  employed.  —  The  technic  which  has 
been  employed  in  the  experiments  has  been  varied  pur- 
posely in  order  to  study  the  pathology  of  the  kidney  under 
slightly  different  conditions,  though  reacting  to  the  same 
poison. 

In  the  early  experiments  a  technic  was  employed  which 
would  allow  of  both  anatomical  and  physiological  deduc- 
tions. It  was  in  these  early  experiments  that  it  was  noticed 
that  the  epithelial  pathology  showed  marked  variations,  and 
that  in  those  animals  with  a  condition  approaching  an  anuria 
there  was  fairly  constantly  associated  with  this  state  marked 
swelling  of  the  renal  epithelium. 

The  technical  methods  employed  may  be  considered 
under  the  following  headings : 

I.  Combined  anatomical  and  physiological  technic.  — 
In  this  series  of  experiments  (Series  5)  under  morphine- 
ether  anesthesia  manometric  readings  of  the  carotid  pres- 
sure were  made,  the  kidney  poison  was  administered  either 
intravenously,  the  femoral  vein  being  used,  or  given  subcu- 
taneously.  Alterations  in  the  kidney  volume  were  indicated 
by  changes  in  the  readings  of  a  water  manometer  which  was 
connected  with  a  copper  oncometer  surrounding  the  left 
kidney. 

The  kidney  flow  was  estimated  by  measuring  the  output 
in  half-hour  intervals  from  ureter  canulas.  In  those  experi- 
ments in  which  the  oncometer  was  employed,  no  account 
was  taken  of  the  urine  flow  from  the  kidney  in  the  oncom- 
eter, on  account  of  the  possibility  of  the  flow  being 
influenced  by  the  pressure  of  the  oncometer  on  the  kidney 
or  by  its  pressure  upon  the  ureter  and  renal  vessels. 

The  experiments  were  either  allowed  to  come  to  a  natural 
termination,  after  some  hours  of  observation,  or  at  different 
stages  of  the  nephritis  one  kidney  was  removed  and  the 
tissue  at  once  fixed  to  represent  histologically  one  stage  of 
the  nephritis;    and  later  in  the  experiment   the  remaining 
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kidney  was  removed  to  represent  a  more  advanced  stage  of 
the  same  nephritis.  By  such  a  technic  the  anatomical 
alterations  of  the  kidney  at  different  stages  of  the  nephritis 
could  be  studied  with  the  total  output  of  urine  at  these 
stages. 

2.  Anatomical  technic.  —  The  technic  employed  in  the 
purely  anatomical  study  was  subjected  to  three  modifica- 
tions: 

1.  (Series  6.)  Animals  in  a  state  of  good  nutrition  and 
free  from  kidney  involvement  as  indicated  by  the  urine 
examination  were  kept  in  cages  for  three  days,  during  which 
time  the  quantity  of  water  consumed  was  not  restricted. 
At  the  end  of  this  time  the  animals  were  anesthetized  with 
morphine-ether  and  with  one  exception  the  left  kidney  was 
removed  as  a  control.  The  output  of  urine  from  the  right 
kidney  was  studied  while  it  was  being  subjected  to  the  action 
of  some  nephrotoxic  substance.  The  poison  was  adminis- 
tered either  subcutaneously  or  intravenously. 

In  the  animal  above  referred  to  which  furnished  the 
exception  to  the  technic,  the  left^kidney  was  not  removed, 
but  the  flow  of  urine  from  both  kidneys  was  determined 
while  the  animal  was  under  the  influence  of  the  kidney 
poison.  The  object  of  not  removing  one  kidney  was  to 
eliminate  any  effect  such  an  operative  procedure  might  have 
on  the  functional  capacity  of  the  intact  kidney. 

The  urine  flow  in  these  animals  was  determined  by 
measuring  the  output  from  a  ureter  canula  in  a  constant  unit 
of  time. 

2.  The  second  modification  of  the  anatomical  technic 
consisted  in  selecting  healthy  animals,  allowing  them  to 
remain  in  cages  for  three  days,  excluding  a  naturally  acquired 
nephritis,  and  at  the  end  of  this  time,  under  morphine-ether 
anesthesia  in  removing  the  left  kidney  as  a  control,  allowing 
the  animals  to  recover,  and  on  subsequent  days  administering 
the  kidney  poisons  subcutaneously. 

With  such  a  technic  it  was  possible,  in  the  first  place,  to 
obtain  from  an  animal  in  which  there  was  to  be  produced  a 
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nephritis  a  normal  kidney  that  could  be  used  in  a  comparative 
study  with  the  pathological  kidney.  Second,  by  terminating 
the  nephritis  artificially,  or  by  allowing  it  to  come  to  a  natural 
termination,  different  stages  of  the  pathological  reaction  on 
the  part  of  the  intact  organ  could  be  observed  and  compared 
with  the  normal,  and  observations  could  be  made  with  special 
reference  to  the  epithelial  changes  at  these  stages  and  to  the 
associated  output  of  urine. 

3.  In  the  third  series  of  purely  anatomical  experiments 
the  animals  were  kept  in  metabolism  cages,  a  constant 
quantity  of  water  was  given  the  animals  daily  by  the  stomach 
tube  and  the  urine  was  collected  and  studied  qualitatively 
and  microscopically. 

After  the  existence  of  a  nephritis  was  excluded  and  after  a 
fairly  accurate  knowledge  was  obtained  of  the  total  output  of 
urine  to  be  expected  from  an  animal  receiving  a  definite 
quantity  of  water,  the  animals  were  given  different  nephro- 
toxic substances  subcutaneously. 

At  different  stages  of  the  nephritis  the  animals  were  rapidly 
chloroformed,  notes  made  of  the  gross  pathology  of  the 
kidney,  and  kidney  tissue  fixed  at  once  for  microscopic  study. 

In  this  series  of  experiments,  with  the  animals  receiving 
daily  a  known  amount  of  water,  observations  were  made  to 
determine  if  any  correlation  existed  between  the  epithelial 
changes  of  the  kidney  at  a  given  stage  of  the  nephritis  with 
the  total  output  of  urine. 

In  the  majority  of  these  experiments  uranium  nitrate  was 
the  kidney  poison  employed,  since  it  produces  a  mixed 
nephritis,  both  vascular  and  tubular. 


The  relation  which  exists  in  the  different  types  of  nephritis 
between  the  epithelial  changes  and  the  total  output  of  urine. 
—  In  the  following  discussion  the  experiments  which  consti- 
tute each  series  will  be  first  considered  separately  and  fol- 
lowing the  individual  consideration  the  facts  established  by 
the  series  will  be  noted.  Such  a  presentation  has  the  disad- 
vantage of  materially  increasing  the  length  of  this  study,  yet 
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it  has  the  very  obvious  advantage  of  allowing  the  experiment 
to  stand  as  an  interpretation  in  itself. 

In  the  description  of  the  pathological  anatomy  of  the  kidney 
the  epithelial  changes  are  easily  described  and  the  general 
relation  of  the  epithelium  to  the  tubular  lumen  can  be  demon- 
strated by  photomicrographs.  On  the  other  hand,  the 
microscopic  interpretation  of  the  vascular  pathology  is  more 
difficult,  for  the  cytological  changes  are  not  nearly  so  clearly 
defined  as  are  the  epithelial  changes.  As  a  result  of  this 
structural  difference  in  the  elements  of  the  kidney,  terms 
which  lack  conciseness,  and  which  in  the  description  of  the 
vascular  reaction  may  fail  to  interpret  the  changes,  must 
necessarily  be  employed,  whereas  it  is  possible  to  describe 
with  some  definiteness  the  epithelial  reaction.  For  this 
reason  it  is  safer  to  rely  upon  a  physiological  expression  of 
the  functional  capacity  of  the  vascular  mechanism  of  the 
kidney  than  it  is  to  attempt  to  determine  the  functional 
capacity  of  the  va.5cular  side  of  the  kidney  by  histological 
alterations.  However  true  this  may  be,  it  is  also  true  that 
the  vascular  pathology  can  be  interpreted  histologically 
within  certain  limitations,  especially  when  the  vascular  changes 
in  a  normal  kidney  are  compared  with  those  in  a  nephritic 
kidney. 

The  material  which  was  employed  for  the  microscopic  study 
was  obtained  either  during  the  experiment  or  very  soon  after 
death,  so  as  to  exclude  the  possibility  of  post-mortem  changes. 

The  tissue  was  fixed  in  both  corrosive-acetic  and  in 
formaline.  In  each  experiment  sections  of  uniform  thickness 
were  cut.  The  stains  constantly  used  were  hematoxylin  and 
eosin.     In  staining  for  fat  Soudan  III.  was  employed. 

Protocols. 
Combined  anatomical  and  physiological  technic. 

Series  5.  Experiment  No,  i. 
Mongrel.  Weight,  12  kilograms.  Morphine-ether.  Cantharidin,  5  mil- 
ligrams per  kilogram  intravenously.  Total  cantharidin,  120  milligrams. 
At  the  time  of  the  operation  the  animal's  bladder  contained  80  cubic  cen- 
timeters of  normal  urine.  Heart  rate  at  the  beginning  of  the  experiment 
136.     Following  the  introduction  of  the  first  cantharidin  the  rate  increased 
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to  1 68  and  remained  constant  for  one  hour.  During  the  following  two 
and  one-half  hours  the  rate  gradually  decreased  and  at  the  termination  of 
the  experiment  was  79.  There  was  no  acceleration  from  the  subsequent 
use  of  cantharidin  after  the  first  injection. 

During  the  course  of  the  experiment  the  blood  pressure  remained  fairly 
constant.  At  the  commencement  of  the  experiment  the  carotid  pressure 
was  160  millimeters;  at  the  termination  165  millimeters.  Respirations 
varied  from  36  to  19  per  minute. 

The  urine  flow  was  recorded  from  ureter  canulas  at  half-hour  intervals. 
During  the  first  half-hour  prior  to  the  use  of  cantharidin  there  was  no 
flow  from  the  right  ureter.  The  left  ureter  flow  was  4  cubic  centimeters. 
Following  the  first  injection  of  cantharidin  and  during  the  second  half- 
hour  period  the  flow  from  the  right  ureter  was  2  cubic  centimeters,  and 
from  the  left  5  cubic  centimeters ;  during  the  third  half-hour  period  albu- 
men and  hyaline  casts  appeared  in  the  urine.  The  quantity  of  albumen 
and  the  number  of  casts  showed  a  progressive  increase  and  at  the  sanae 
time  the  quantity  of  urine  increased  until  the  termination  of  the  experi- 
ment, at  which  time  the  left  ureter  flow  was  5.5  cubic  centimeters  and  the 
right  8.2  cubic  centimeters. 

The  animal  was  killed  by  rapid  chloroform  anesthesia.  Duration  of 
experiment  four  hours. 

The  kidneys  in  the  gross  are  intensely  congested  and  have  a  tense  feel. 
On  section  the  cortical  tissue  bulges  and  drips  blood  freely.  The  glome- 
ruli are  prominent.  The  medulla  shows  macroscopically  more  evidence 
of  congestion  than  does  the  cortex.  The  microscopic  examination  shows 
the  inter- tubular  and  larger  vessels  engorged  with  blood.  The  glomerular 
capillaries  are  engorged  with  blood  and  fairly  constantly  fill  the  space 
enclosed  by  Bowman^s  capsule.  There  is  occasionally  a  slight  intra- 
capsular exudate. 

The  epithelium  shows  an  early  cloudy  swelling  with  little  if  any  encroach- 
ment upon  the  lumen  of  the  tubules.  The  tubules  contain  granular 
detritus  and  occasional  casts. 

The  experiment  illustrates  an  early  nephritis  with  a  marked 
vascular  reaction  and  with  little  response  on  the  part  of  the 
epithelium.  There  is  a  progressive  increase  in  the  output 
of  urine. 

Series  5.  Experiment  No.  2. 
Mongrel.  Weight,  8  kilograms.  Morphine-ether.  Cantharidin.  5  mil- 
ligrams per  kilogram  intravenously.  Total  cantharidin,  166  milligrams. 
No  urine  in  the  bladder  at  commencement  of  experiment.  Carotid  pres- 
sure at  commencement  of  experiment  130  millimeters;  at  termination  120 
millimeters.  Heart  rate  varied  from  78  to  65.  Respiration  from  24  to  9 
per  minute.     During  the  first  half-hour  period  prior  to  the  injection  of 
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cantharidin  the  urine  flow  from  the  right  ureter  was  4  cubic  centimeters, 
from  the  left  o.  The  urine  collected  was  normal.  Dunng  the  second 
half-hour  the  flow  increased  to  4.5  cubic  centimeters  from  the  left  and  6 
cubic  centimeters  from  the  right  ureter.  Following  the  administration  of 
cantharidin  the  flow  gradually  decreased  until  at  the  close  of  the  experi- 
ment, which  lasted  four  and  one- half  hours,  the  right  ureter  flow  was 
1.2  cubic  centimeters  and  the  left  two  drops..  Albumen  hyaline  casts 
and  a  few  red  blood  cells  appeared  in  the  urine  during  the  first  half-hour 
after  the  injection  of  cantharidin. 

The  gross  pathology  of  the  kidney  is  similar  to  that  described  in  the 
previous  experiments,  with  the  exception  that  the  cortex  appears  pale 
when  contrasted  with  the  congested  medulla. 

The  microscopic  vascular  pathology  shows  no  notable  difference.  The 
epithelium,  especially  that  of  the  convoluted  tubules  and  of  the  ascending 
limb  of  Henle,  is  greatly  swollen  and  vacuolated.  The  swelling  very 
frequently  completely  occludes  the  lumen  of  the  tubules.  The  nuclei  of 
the  epithelium  are  either  small  and  stain  deeply,  or,  as  is  the  case  in  those 
cells  most  altered,  are  large  and  vesicular. 

The  experiment  shows  an  early  nephritis  with  a  pro- 
nounced vascular  disturbance,  and  in  this  it  is  comparable 
to  the  preceding  experiment.  On  the  other  hand,  it  differs 
from  the  first  experiment,  in  that  the  epithelium  is  strikingly 
involved  and  the  flow  of  urine  greatly  decreased. 

Series  5.  Experiment  No.  3. 
Hound.  Weight,  8.2  kilograms.  Morphine-ether.  Cantharidin,  5  mil- 
ligrams per  kilogram  intravenously.  Total  cantharidin,  100  milligrams. 
Carotid  pressure  at  commencement  of  experiment  135  millimeters,  at 
termination  120  millimeters.  Heart  rate  varied  from  130  to  140,  respira- 
tion 23  to  24  per  minute.  Oncometer  pressure  varied  5.8  centimeters 
(water  manometer)  to  6.2  centimeters.  The  normal  flow  of  urine  from 
the  right  ureter  for  the  first  two  half-hour  periods  prior  to  the  use  of 
cantharidin  was  4  cubic  centimeters.  Following  the  cantharidin  it  rose  to 
II  cubic  centimeters,  and  during  the  next  two  half-hour  periods  decreased 
to  6.2  and  4.5  cubic  centimeters  respectively.  The  urine  during  these 
periods  contained  albumen,  erythrocytes,  and  hyaline  casts.  The  animal 
was  rapidly  killed  by  chloroform.  Duration  of  experiment  four  and  one- 
half  hours.  The  kidney  in  the  gross  is  a  deep  red  color  and  drips  blood 
freely  on  section.  Microscopically  the  vessels  are  well  filled,  the 
glomerular  capillaries  usually  completely  fill  the  capsular  space.  The 
epithelium  shows  no  change.    The  cytoplasm  and  nuclei  stain  normally. 

The  experiment  shows  an  early  cantharidin  nephritis  and 
an  initial  increase  in  the  flow  of  urine  following  the  injection 
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of  cantharidin.  The  experiment  was  purposely  terminated 
when  the  flow  had  reached  the  normal.  The  kidney  shows 
a  moderate  grade  of  congestion  with  no  epithelial  changes. 

Series  5.     Experiment  No,  4. 

Mongrel.  Weight,  12  kilograms.  Morphine-ether.  Cantharidin,  5  mil- 
ligrams and  I  milligram  per  kilogram.  Total  cantharidin,  84  milligrams. 
Carotid  pressure  at  commencement  of  experiment  no  millimeters,  at 
termination  130  millimeters.  Heart  rate  at  beginning  of  experiment  86 
per  minute ;  at  termination  84.  Respiration  24  at  beginning  of  experi- 
ment ;  at  termination  20.  Urine  flow  for  the  first  half-hour  period :  right 
ureter  1.5  cubic  centimeters;  left  .5  cubic  centimeter.  Urine  normal. 
Second  half-hour:  2.7  and  2.5  cubic  centimeters  from  the  right  and  left 
ureters  respectively.  Following  cantharidin  5  milligrams,  the  urine  flow 
increased  to  3.8  cubic  centimeters,  right  ureter;  3.5  cubic  centimeters, 
left  ureter.  Trace  of  albumen  and  a  few  hyaline  casts.  With  the  follow- 
ing two  half-hour  periods  i  milligram  of  cantharidin  was  injected 
intravenously  and  the  output  of  urine  steadily  increased  as  follows:  4.5, 
3'5»  7»  7.  10.  and  10  cubic  centimeters  —  casts,  principally  hyaline, 
increased  in  number.  The  reaction  for  albumen  became  more  pro- 
nounced and  erythrocytes  were  numerous.  Duration  of  experiment  three 
hours.  Animal  was  rapidly  killed  by  chloroform.  The  kidney  shows  an 
intense  congestion.  On  section  the  cortex  bulges  outward,  and  drips 
blood  freely.  Malpighian  bodies  are  very  prominent.  Microscopically 
the  intertubular  vessels  as  well  as  the  glomerular  capillaries  give  the 
impression  of  being  stuffed  with  blood.  The  capsular  space  is  completely 
filled.  There  is  occasionally  a  slight  intertubular  exudate.  The  epithe- 
lium stains  normally ;  the  cells  may  be  considered  to  be  in  the  early  stages 
of  cloudy  swelling.  The  lumen  of  the  tubules  is  not  materially 
encroached  upon  by  the  epithelium.  The  tubules  contain  granular  detritus 
and  casts. 

The  experiment  shows  an  early  nephritis  with  an  intense 
vascular  reaction,  but  with  slight  epithelial  involvement. 
The  output  of  urine  is  increased. 

Series  5.     Experiment  No,  5. 

Setter  bitch.  Weight,  10  kilograms.  Morphine-ether.  Cantharidin, 
1-.5  milligram  per  kilogram.  Total  cantharidin,  35  milligrams.  Normal 
blood  pressure,  144  millimeters.  Blood  pressure  at  termination  of  experi- 
ment, 148  millimeters.  Heart  rate  varied  between  96  and  76  per  minute. 
Respirations  16  throughout  experiment.  Ureter  flow  for  first  two  half- 
hour  periods  before  the  administration  of  cantharidin :  right,  2.5  cubic 
centimeters;  left,  2.5  cubic  centimeters;  right,  4  cubic  centimeters;  left. 
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4.7  cabic  centimeters.  Urine  normal.  Following  i  milligram  of 
cantharidin  per  kilogram  intravenously  the  urine  dropped  to  1.2  cubic 
centimeters  from  the  right  ureter  and  from  left  2.5  cubic  centimeters. 
Trace  of  albumen,  few  casts,  erythrocytes.  Following  the  second  can- 
tharidin injection  the  flow  increased  to  2.5  and  6  cubic  centimeters  from 
the  right  and  left  ureters  respectively.  With  an  increase  in  urine  there 
was  a  decided  increase  in  the  quantity  of  albumen  and  in  the  number  of 
casts  and  red  blood  cells.  Two  other  injections  of  the  kidney  poison  were 
made.  The  flow  of  urine  rapidly  decreased  to  .5  cubic  centimeter,  right 
ureter ;  i  cubic  centimeter,  left  ureter,  and  during  the  terminal  half-hour 
there  were  only  two  drops  of  urine.  Animal  rapidly  chloroformed. 
Duration  of  experiment  three  hours.  The  kidneys  are  of  a  deep  red 
color,  drip  blood  freely  on  section.  Malpighian  bodies  are  prominent. 
The  cortex  is  distinctly  paler  than  the  medulla.  Microscopically  the 
vascular  pathology  is  identical  with  that  of  the  previous  experiment.  The 
epithelium,  however,  shows  a  striking  difference.  The  epithelium  of  the 
convoluted  tubules  is  principally  affected  and  in  these  tubules  cloudy  swell- 
ing is  extreme.  The  lumen  of  the  tubules  is  often  occluded  by  an 
approximation  of  the  free  border  of  the  cells.  The  cells  appear  granular, 
nuclei  indistinct  and  often  vesicular.  The  epithelium  in  many  of  the 
tubules  is  vacuolated.  Casts  and  granular  material  are  found  in  the  tubules 
in  which  the  lumen  has  not  been  occluded. 

In  this  experiment  the  vascular  pathology  is  identical  with 
that  in  the  diuretic  animal.  On  the  other  hand,  in  this 
anuric  animal  the  epithelium  encroachment  upon,  and 
obstruction  of,  the  tubular  lumen  is  decidedly  marked. 

Series  5.  Experiment  No,  6. 
Male  setter.  Weight,  15  kilograms.  Morphine-ether.  Cantharidin, 
1-2  milligrams  per  kilogram.  Total  cantharidin,  165  milligrams.  The 
carotid  pressure  varied  between  135  millimeters  at  the  beginning  of  the 
experiment  and  145  millimeters  at  the  termination  of  the  experiment. 
Minimum  pressure  135  millimeters.  The  heart  rate  varied  between  84 
and  80  and  the  respirations  between  32  and  15  per  minute.  The  ureter 
flow  for  the  two  half-hours  prior  to  the  use  of  the  cantharidin  was  as 
follows:  right,  2  cubic  centimeters;  left,  8  cubic  centimeters;  right, 
9  cubic  centimeters ;  left,  3  cubic  centimeters  (kink  in  left  ureter) .  Urine 
normal.  Following  the  intravenous  injection  of  i  milligram  of  canthari- 
din per  kilogram,  which  was  repeated  in  twenty  minutes,  the  urine  flow 
from  the  right  ureter  was  5  cubic  centimeters ;  left,  8  cubic  centimeters. 
With  the  next  period  the  output  of  urine  from  the  right  ureter  was  5  cubic 
centimeters;  left,  12  cubic  centimeters.  Trace  of  albumen.  Few  casts. 
Right  kidney  removed.  For  the  subsequent  two  half-hour  periods  the 
left  ureter  flow  was  as  follows:  20,  26,  38,  36,  40,  40,  20,  18,  10,  and 
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6.6  cubic  centimeters.  There  was  a  gradual  increase  in  the  quantity  of 
albumen  and  in  the  number  of  casts  and  erythrocytes.  The  casts  were 
rarely  granular.  Animal  rapidly  killed  with  chloroform.  Duration  of 
experiment  seven  hours.  The  right  kidney,  which  was  removed  at  the 
commencement  of  the  nephritis  and  with  the  initial  increase  in  the  output 
of  urine,  shows  macroscopically  and  microscopically  a  medium  grade  of 
congestion.  It  does  not  drip  blood  freely.  The  cortex  does  not  bulge 
and  the  Malpighian  bodies,  though  visible,  are  not  excessively  prominent. 
The  intertubular  and  the  glomerular  vessels  are  fairly  severely  distended. 
There  is  usually  a  slight  unfilled  space  between  the  glomerular  vessels 
and  Bowman^s  capsule.  The  epithelium,  excepting  that  of  the  convo- 
luted tubules,  appears  normal.  The  epithelium  of  these  tubules  show  an 
early  cloudy  swelling  and  occasional  vacuolation.  The  left  kidney,  how- 
ever, which  remained  intact  until  the  termination  of  the  experiment,  shows 
an  unusually  severe  vascular  reaction.  It  is  of  a  bright  red  color.  Drips 
blood  freely  from  its  cut  surface.  The  cortex  rolls  out  on  section  and  the 
Malpighian  bodies  are  very  prominent.  The  intertubular  vascular  con- 
gestion is  pronounced  and  the  glomerular  vessels  fairly  uniformly  fill  the 
capsular  space.  The  nuclei  of  these  capillaries  and  of  those  in  the  cap- 
sule are  unusually  prominent.  The  epithelium  of  the  tubules  shows 
advanced  cloudy  swelling  and  vacuolation.  The  tubular  lumen  is 
encroached  upon  and  in  some  instances  occluded.  The  epithelium  stains 
imperfectly  and  looks  hazy.  Numerous  casts  and  amorphous  material 
are  found  in  the  tubules. 

The  experiment  serves  a  double  purpose  of  demonstrating 
an  early  and  a  late  cantharidin  nephritis.  The  kidney 
removed  in  the  early  stage  of  the  nephritis  shows  fairly 
severe  vascular  changes  and  very  slight  epithelial  changes. 
The  kidney  removed  in  the  late  nephritis  shows  an  increase 
in  the  vascular  pathology  and  pronounced  epithelial  altera- 
tions. There  is  a  reduction  in  the  output  of  urine,  which, 
judging  from  the  preceding  observations,  is  approaching  an 
anuria. 

Anatomical  study  (Jirst  modification).    Series  6.     Experiment  No.  i. 

Pointer.  Weight,  16.75  kilograms.  Morphine-ether.  Potassium 
dichromate,  2.5-5  milligrams  per  kilogram  subcutaneously.  Total 
potassium  dichromate,  289.097  milligrams.  Bladder  contained  150  cubic 
centimeters  of  normal  urine.  Left  kidney  removed.  Right  ureter  flow  in 
first  half-hour  following  nephrectomy,  2  cubic  centimeters  of  normal 
urine.  In  first  half-hour  following  2.5  milligrams  of  potassium  dichromate 
subcutaneously,  2.3  cubic  centimeters.  Urine  contained  a  trace  of  albu- 
men and  a  few  hyaline  casts.     In  the  following  half-hour  period  the  urine 
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flow  from  the  right  ureter  was  as  follows:  6  and  15.2  cubic  centimeters, 
albumen  casts,  principally  hyaline  and  erythrocytes.  The  left  kidney, 
which  was  removed  before  the  introduction  of  the  chromate,  was  normal. 
The  right  kidney  showed  an  intense  congestion,  dripped  blood  freely  and 
the  Malpighian  bodies  were  prominent.  Microscopically  the  glomerular 
and  the  intertubular  vessels  give  the  impression  of  being  stuffed  with 
blood  cells.  The  endothelial  nuclei  are  very  prominent.  The  epithelium 
shows  no  swelling  and  no  encroachment  upon  the  lumen  of  the  tubules. 
On  the  other  hand,  if  the  cell  volume  has  changed,  it  has  been  in  the 
direction  of  a  shrinkage.  The  cytoplasm  is  not  vacuolated.  The  cyto- 
plasm and  the  nuclei  stain  normally.    Numerous  casts  in  the  tubules. 

The  experiment  represents  an  early  chromate  nephritis. 
The  vascular  pathology  is  pronounced.  The  epithelial 
changes  are  negative.  There  is  an  increase  in  the  output  of 
urine. 

Series  6.  Experiment  No,  2. 
Terrier  bitch.  Weight,  5  kilograms.  Morphine-ether.  Potassium 
dichromate,  5  milligrams  per  kilogram  subcutaneously.  Total  potassium 
dichromate,  100  milligrams.  Bladder  contained  3  cubic  centimeters  of 
normal  urine.  Left  kidney  removed.  Right  ureter  flow  in  first  half-hour 
following  nephrectomy,  and  prior  to  the  use  of  the  chromate  6.1  cubic 
centimeters  of  urine,  which  was  normal.  Following  the  first  injection  of 
the  chromate  the  ureter  flow  was  reduced  to  1.2  cubic  centimeters.  Con- 
tained albumen  casts  and  erythrocytes.  The  flow  for  the  following  half- 
hour  periods,  until  the  termination  of  the  experiment,  was  as  follows: 
2,  4,  2.6,  8,  and  8  cubic  centimeters.  Albumen  casts  and  red  blood  cells 
showed  a  decided  increase  over  the  first  observation.  The  animal  was 
accidentally  killed  with  ether.  Duration  of  the  experiment,  three  hours 
and  fifteen  minutes.  The  left  kidney,  which  was  removed  before  the 
chromate,  was  normal.  The  right  kidney  showed  a  feirly  severe  engorge- 
ment. It  drips  blood  freely  and  the  Malpighian  bodies  are  prominent. 
Microscopicalfy  the  vascular  pathology  is  similar  to  that  noted  in  the 
previous  experioaent.  The  epithelium  shows  little  or  no  changes.  It  is 
not  swollen,  the  cytoplasm  and  the  nuclei  stain  well. 

Here  again  the  vascular  pathology  is  decidedly  evident. 
The  epithelial  involvement  is  negative.  There  is  an  increase 
in  the  output  of  urine. 

Series  6.     Experiment  No,  3. 
Hound    bitch.     Weight,    7    kilograms.     Morphine-ether.     Potassium 
dichromate,  5  milligrams  per  kilogram.     Total  dichromate,  315  milligrams. 
Urine   obtained   from  bladder    normal    (not    measured).     Left    kidney 
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removed.  Right  ureter  flow  in  the  half-hour  period  prior  to  the  chromate 
injection :  2.7  cubic  centimeters  normal.  Following  the  first  subcutaneous 
injection  of  5  milligrams  of  the  chromate  the  urine  flow  was  reduced  to 
2  cubic  centimeters.  The  urine  contained  a  trace  of  albumen  and  a  few 
hyaline  casts.  Following  this  period  the  flow,  for  the  following  half-hour 
periods  until  the  close  of  the  experiment,  was  as  follows :  12.5,  19,  7,  8.2, 
2,  15.4,  22,  and  26  centimeters.  There  was  a  progressive  increase  in  the 
amount  of  albumen  and  in  the  number  of  casts  and  erythrocytes.  Granu- 
lar casts  were  numerous  after  the  first  two  and  one-half  hours  of  the  experi- 
ment. At  the  point  in  the  experiment  where  the  right  ureter  flow  was 
reduced  from  19  to  2  cubic  centimeters  the  chromate  had  been  pushed; 
140  milligrams  being  injected  in  a  two-hour  period.  Animal  rapidly 
chloroformed.  Duration  of  the  experiment  five  and  one-half  hours.  The 
left  kidney,  which  was  removed  prior  to  the  chromate  injection,  was 
normal.  There  was  usually  a  distinct  space  between  the  glomerular  capil- 
laries and  Bowman's  membrane.  The  right  kidney,  which  was  removed 
at  the  termination  of  the  experiment,  showed  a  most  intense  congestion, 
as  evidenced  by  the  free  dripping  of  blood  from  the  cut  surface,  the 
tendency  of  the  cortex  to  roll  outward  and  the  prominence  of  the  Mal- 
pighian  bodies. 

Histologically  the  vascular  pathology  is  more  striking  than  in  any  of  the 
previous  experiments.  The  glomerular  capillaries  are  packed  with  blood 
and  not  only  fill  the  capsular  space  but  give  to  Malpighian  body  the 
appearance  of  being  distended  and  increased  in  size.  The  epithelial  and 
the  endothelial  nuclei  of  the  Malpighian  body  are  increased  in  size,  are 
strikingly  prominent,  and  frequently  stain  poorly.  The  intertubular 
vessels  participate  equally  in  the  vascular  reaction.  There  is  occasionally 
a  slight  intertubular  exudate,  containing  erythrocytes.  The  epithelium  of 
the  tubules  shows  an  early  cloudy  swelling,  it  appears  granular  and  the 
nuclei  stain  imperfectly.  The  lumen  of  the  tubules  is  only  occasionally 
encroached  upon  by  the  altered  epithelium.  Casts  and  granular  detritus 
are  found  in  the  tubules. 

The  experiment  illustrates  an  early  chromate  nephritis  in 
which  the  vascular  pathology  is  marked  and  predominates 
over  the  epithelial  changes.  The  epithelium  shows  an  early 
cloudy  swelling  and  has  not  encroached  excessively  upon 
the  lumen  of  the  tubules.     The  urine  flow  is  greatly  increased. 

Series  6.  Experiment  No,  4. 
Pointer  bitch.  Weight,  5  kilograms.  Potassium  dichromate,  50  milli- 
grams per  kilogram  subcutaneously.  Total  chromate,  500  milligrams. 
Urine  normal.  June  8,  1910,  50  milligrams  per  kilogram  of  chromate 
subcutaneously.  At  the  end  of  twenty-four  hours  the  animal  had  voided 
only  25  cubic  centimeters  of  bloody  urine,  highly  albuminous,  containing 
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numerous  erythrocytes  and  casts.  June  9,  chromate  injection  repeated. 
Animal  found  dead  in  cage  at  9  p.m.  No  urine  in  bladder.  The  post- 
mortem showed  an  intense  gastro-enteritis.  Both  kidneys  show  a  fairly 
intense  congestion  which  macroscopically  is  most  marked  at  the  cortico- 
medullary  boundary  zone  and  in  the  medulla.  Comparatively  the  cortex 
is  pale.  Microscopically  the  vascular  reaction  is  not  excessive.  The 
glomerular  capillaries,  though  well  filled  with  blood,  do  not  uniformly  fill 
the  capsular  space  There  is  no  intertubular  exudate.  The  epithelium, 
especially  that  of  the  convoluted  tubules,  is  severely  swollen  and  vacuo- 
lated. The  cytoplasm  appears  granular,  the  nuclei  are  large  and  stain 
imperfectly. 

The  experiment  illustrates  the  striking  affinity  which  the 
chromates  may  have  for  the  renal  epithelium.  In  this 
experiment  the  epithelial  changes  very  clearly  predominate ; 
the  tendency  to  occlusion  of  the  tubular  lumen  is  well 
marked.     There  is  an  anuria. 

Anatomical  study  {second  modification).  Series  6.  Experiment  No,  5. 
Mongrel.  Weight,  6  kilograms.  Morphine-ether  anesthesia.  Potas- 
sium dichromate,  50  milligrams  per  kilogram.  Total  chromate,  350 
milligrams.  June  8,  1910,  left  kidney  removed.  Urine  normal.  Fifty 
milligrams  per  kilogram  of  chromate  injected  subcutaneously.  June  9, 
1910,  animal  found  dead  in  cage.  Fifty-four  cubic  centimeters  highly 
albuminous  urine  in  bladder.  Urine  contains  hyaline  and  granular  casts 
and  a  few  erythrocytes.  The  post-mortem  showed  a  severe  gastro-enter- 
itis.  The  left  kidney  removed  prior  to  the  use  of  the  chromate  was 
normal.  The  right  kidney  showed  an  intense  congestion,  especially  of 
the  medulla  and  at  the  cortico  medullary  conjunction.  Microscopically 
the  capillaries  of  the  Malpighian  bodies  fill  and  distend  the  capsule  and 
are  packed  with  blood.  The  intertubular  vessels  show  the  same  change. 
Slight  intertubular  exudate.  The  nuclei  of  the  capillary  endothelium 
and  of  the  epithelium  of  Bowman^s  membrane  are  quite  prominent.  In 
general  the  epithelium  of  the  cortex  and  especially  that  of  the  convoluted 
tubules  is  greatly  swollen.  Cloudy  swelling  and  vacuolation.  The  epi- 
thelium encroaches  upon  but  only  rarely  occludes  the  tubules. 

The  experiment  again  shows  the  early  epithelial  involve- 
ment in  the  chromate  nephritis  and,  with  the  epithelial 
changes,  a  reduced  output  of  urine,  fifty-four  cubic  centi- 
meters. 

Series  6.    Experiment  No.  6. 

Terrier  bitch.  Weight,  7.5  kilograms.  Morphine- ether.  Potassium 
dichromate,  30  milligrams  per  kilogram  subcutaneously.  Total  dichro- 
mate, 240  kilograms.     Urine  prior  to  the  experiment  normal.    No  urine  in 
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the  bladder  at  the  time  of  the  operation.  Left  kidney  removed  June  ii, 
1910.  Chromate  30  milligrams  per  kilogram  given  subcutaneously. 
June  II,  1910,  animal  drinks  water  freely.  No  urine.  Chromate  injection 
repeated.  June  12,  1910,  animal  found  dead  in  cage.  No  urine.  The 
post-mortem  shows  a  fairly  severe  gastro-enteritis.  No  urine  in  the 
bladder.  Left  kidney  normal.  Right  kidney  presents  an  intense  conges- 
tion of  the  medulla  and  cortico-medullary  boundary  zone.  The  cortex  is 
pale.  The  microscopic  examination  shows  an  intense  vascular  reaction 
similar  to  the  previous  chromate  experiments.  In  addition  to  the  vascu- 
lar changes  enumerated  in  previous  experiments,  the  glomerular  capil- 
laries show  a  beginning  endothelial  disintegration.  The  epithelium  in 
general  is  involved.  That  of  the  convoluted  tubules  shows  extensive 
cloudy  swelling  and  necrosis.  The  nuclei  are  shrunken  or  fragmented 
and  stain  intensely.  The  tubular  lumen  is  usually  obliterated  by  the 
swollen,  necrotic,  and  desquamated  epithelium.  In  this  chromate  nephritis 
both  vascular  and  epithelial  elements  of  the  kidney  are  extensively 
involved. 

Judging  from  previous  experiments  the  epithelial  altera- 
tions preceded  the  structural  vascular  changes.  Complete 
anuria. 

Series  6.     Experiment  No.  7. 

Male  hound.  Weight,  9.5  kilograms.  Morphine-ether.  Potassium 
dichromate,  20  milligrams  per  kilogram  subcutaneously.  Total  dichro- 
mate,  350  milligrams.  Urine  prior  to  experiment  normal.  June  13,  1910, 
left  kidney  removed.  Twenty  milligrams  per  kilogram  of  chromate  given 
subcutaneously.  June  14,  19 10,  no  urine.  Animal  very  drowsy.  Chro- 
mate injection  repeated.  June  15,  1910,  no  urine ;  animal  very  drowsy  — 
not  responsive  to  calls  and  whistles.  No  injection.  June  16,  1910, 
9  A.M.,  animal  found  dead  in  cage.  Body  warm,  rigor  mortis  not  com- 
plete. Gastro-enteritis.  Bladder  contained  30  cubic  centimeters  of 
highly  albuminous  urine  with  a  few  erythrocytes  and  very  numerous  finely 
and  coarsely  granular  casts.  The  left  kidney  is  normal.  The  right  kid- 
ney shows  the  usual  degree  of  congestion,  —  most  marked  in  the  medulla 
and  at  the  cortico-medullary  boundary  zone.  The  cortex  is  pale.  Micro- 
scopically the  Malpighian  bodies  and  intertubular  vessels  are  structurally 
well  preserved.  The  glomerular  capillaries  fill  and  distend  the  capsule, 
the  nuclei  are  prominent.  The  epithelium,  especially  that  of  the  con- 
voluted tubules,  shows  a  striking  necrosis.  In  many  cells  the  nuclei  have 
disappeared.  The  epithelium  of  the  ascending  limb  of  Henle^s  loop 
and  of  the  collecting  tubules  is  fairly  well  preserved.  The  lumen  of  the 
tubules  is  usually  obliterated.  The  condition  is  approaching  an  anuria, 
30  cubic  centimeters  of  urine  in  three  days  and  a  half. 
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Series  6.    ExperimefU  No.  8. 

Terrier  bitch.  Weight,  9.5  kilograms.  Morphine-ether.  Sodium 
arsenate,  10  milligrams  per  kilogram  subcutaneously.  Total  sodium 
arsenate.  760  milligrams.  September  12th,  left  kidney  removed.  Ten 
milligrams  of  potassium  arsenate  subcutaneously.  Urine  normal.  Sep- 
tember 13th,  urine  230  cubic  centimeters  normal;  drinks  water  freely; 
injected.  September  14th,  injected ;  no  urine.  September  15th,  injected. 
Animal  voided  urine  twice  during  the  day,  most  of  which  was  lost.  The 
urine  collected  was  normal.  September  i6th,  injected,  318  cubic  centi- 
meters urine;  normal.  September  17th,  injected;  animal  drinks  water 
freely,  274  cubic  centimeters  of  urine,  few  hyaline  casts,  and  a  trace  of 
albumen.  September  18th,  no  arsenic;  small  quantity  of  urine,  which 
was  lost.  During  the  following  three  days  the  animal  was  injected  each 
day.  The  animal  became  excessively  drowsy  and  on  the  third  day 
became  restless.  Death  without  convulsions.  Animal  anuric  for  three 
days.  The  left  kidney  removed  before  the  use  of  arsenic  is  normal.  The 
right  kidney  is  a  deep  red  color,  feels  very  tense.  On  section  there  is  a 
free  dripping  of  blood,  the  cortex  bulges,  the  Malpighian  bodies  are 
prominent.  Microscopically  the  glomerular  capillaries  are  either  dis- 
tended with  blood  filling  the  capsular  space  or  there  has  developed  an 
exudate  into  the  Malpighian  body  which  compresses  the  capillaries.  The 
eodothelial  and  the  epithelial  nuclei  are  quite  prominent.  The  inter- 
tubular  vessels  show  the  same  congestion.  The  most  striking  feature  of 
the  histological  picture  is  the  pronounced  intertubular  exudate  which 
separates  and  compresses  the  tubules,  and  which  obliterates  their  lumen 
without  the  obliteration  being  dependent  upon  an  increase  in  the  size  of 
the  epithelium.  The  epithelium  shows  a  fair  grade  of  cloudy  swelling 
and  early  desquamation.  The  desquamation  is  seen  in  tubules  where  the 
epithelium  has  not  degenerated  sufficiently  to  become  loosened  from  its 
basement  membrane.  The  shelving-off  of  the  epithelium  is  more  likely 
due  to  the  exudate. 

The  experiment  shows  the  gradual  development  of  an 
anuria  in  a  nephritis  of  the  vascular  type.  Associated  with 
the  gradually  acquired  anuric  state  there  are  direct  (cloudy 
swelling)  and  indirect  (exudative)  changes  which  tend  to  a 
narrowing  or  obliteration  of  the  lumen  of  the  tubules. 

Series  6.    Experiment  No.  9. 

Mongrel.  Weight,  24.5  kilograms.  Morphine-ether.  Bichloride  of 
mercury,  10  cubic  centimeters  of  a  1-1,000  solution  subcutaneously.  Total 
bichloride  of  mercury,  70  milligrams.  Sept.  30,  1910,  left  kidney 
removed,  animal  injected  subcutaneously  with  10  cubic  centimeters  of 
bichloride  solution.     The  urine  before  the  injection  was   normal.    The 
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animal  was  injected  on  the  succeeding  seven  days.  The  animal  prac- 
tically refused  water.  The  urine  flow  varied  between  60  and  180  cubic 
centimeters  —  daily  —  albumen  and  casts  appeared  on  the  fourth  day.  On 
the  seventh  day  the  animal  was  chloroformed.  Extensive  abscess  from 
injections.  The  bladder  contained  160  cubic  centimeters  of  highly  albu- 
minous urine,  which  showed  an  occasional  cast  and  a  few  erythrocytes. 
The  left  kidney  was  removed.  The  right  kidney  presented  a  feirly  severe 
diffuse  congestion.  The  Malpighian  bodies  were  prominent.  The  micro- 
scopic examination  confirmed  the  gross  pathology.  The  epithelium  showed 
a  moderate  degree  of  cloudy  swelling. 

The  experiment  represented  an  early  nephritis  from  a 
heavy  metal,  slight  epithelial  involvement  and  an  output  of 
urine,  which  although  diminished  is  not  reduced  to  such  a 
degree  as  to  be  considered  approaching  an  anuria. 

Series  6.  Experiment  No.  10. 
Terrier  bitch.  Weight,  7  kilograms.  Morphine-ether.  Aloin,  2  cubic 
centimeters  per  kilogram  of  a  5  per  cent  solution  subcutaneously.  Total 
aloin,  14  cubic  centimeters  of  a  5  per  cent  solution.  Urine  prior  to  aloin 
normal.  The  aloin  injections  were  made  on  seven  successive  days.  The 
output  of  urine  varied  but  little.  It  remained  normal  until  the  seventh 
day,  when  a  trace  of  albumen  appeared.  No  casts,  animal  chloroformed 
on  account  of  excessive  abscesses.     Both  kidneys  normal. 

Series  6.  Experiment  No.  11. 
Hound  bitch.  Weight,  7.5  kilograms.  Cantharidin,  2.5  milligrams 
per  kilogram.  Total  cantharidin,  14.25  milligrams  subcutaneously.  Octo- 
ber 7th,  urine  normal ;  20  cubic  centimeters  obtained  from  bladder.  Left 
kidney  removed.  Cantharidin,  2.5  milligrams  per  kilogram  subcutaneously. 
Animal  died  in  convulsions  at  10.30  a.m.,  on  the  following  day.  No 
urine  in  bladder.  Left  kidney  removed.  Right  kidney  fairly  severely 
congested,  which  is  most  marked  at  cortico-medullary  boundary  zone. 
Cortex  pale  as  compared  with  the  medulla.  Microscopically  the  vascular 
pathology,  so  far  as  the  glomeruli  are  concerned,  is  not  severe.  The 
intertubular  vessels  are  well  choked  with  blood.  The  epithelium  shows  a 
surprising  degree  of  cloudy  swelling  and  desquamation  without  vacuola- 
tion.  The  lumen  of  the  tubules  is  nearly  uniformly  closed.  Casts  are 
fairly  numerous. 

The  experiment  shows  the  very  early  involvement  of  the 
epitheh'um  by  a  nephrotoxic  substance,  usually  considered 
to  be  selectively  vascular  in  its  action,  and  with  the  early 
epithelial  changes  the  rapid  development  of  an  anuria. 
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Series  6.    Experiment  No,  12. 

MoDgreL  Weight,  5.5  kilograms.  Morphine-ether.  Sodium  arsenate, 
10  milligrams  per  kilogram  subcutaneously.  Total  sodium  arsenate,  385 
milligrams.  Oct.  10, 1910,  urine  normal.  Left  kidney  removed.  Arsenic, 
10  milligrams  subcutaneously,  no  urine.  Animal  reinjected  on  the  follow- 
ing day.  No  urine.  During  the  following  five  days  the  animal  received 
each  day  10  milligrams  of  arsenic  subcutaneously.  The  urine  flow  varied 
between  175-210  cubic  centimeters.  Albumen  and  a  few  hyaline  casts  and 
erythrocytes  first  appeared  on  the  fourth  day  after  the  first  injection.  The 
animal  was  killed  rapidly  with  chloroform  on  the  eighth  day  of  the  experi- 
ment. Bladder  contained  44  cubic  centimeters  of  albuminous  urine  with 
numerous  erythrocytes  and  a  few  hyaline  casts.  The  left  kidney  was 
normal.  The  right  kidney  shows  a  most  intense  congestion  which  is  only 
equaled  by  the  kidney  of  the  arsenical  nephritis,  previously  described. 
The  kidney  feels  very  tense,  is  of  a  deep  red  color,  on  section  the 
cortex  turns  outward  and  drips  blood  freely.  The  Malpighian  bodies  are 
very  prominent.  The  microscopic  study  confirms  the  gross  pathology  as 
far  as  the  vascular  reaction  is  concerned.  The  glomerular  capillaries  are 
choked  with  blood  and  not  only  fill  the  capsular  space,  but  have  the 
appearance  of  distending  it.  The  intertubular  vessels  participate  equally 
in  the  congestion.  There  is  no  intertubular  exudate.  The  epithelium  of 
the  convoluted  tubules  shows  a  slight  cloudy  swelling.  The  nuclei  are 
indistinct;  otherwise  the  epithelium  is  normal.  Casts  are  occasionally 
seen.  The  animal  was  purposely  chloroformed  in  the  early  stage  of  the 
arsenital  nephritis. 

The  experiment  demonstrates  a  most  intense  vascular 
nephritis,  the  epithelium  is  but  little  involved,  the  lumen  of 
the  tubules  is  not  encroached  upon  either  by  swollen  cells  or 
by  a  compression  of  tubules  by  intertubular  exudate.  The 
output  of  urine  is  apparently  but  little  interfered  with.  The 
experiment  in  all  of  its  details  should  be  compared  with 
Experiment  No.  8. 

Series  6.    Experiment  No,  13. 

Pointer.  Weight,  9.3  kilograms.  One  milligram  of  cantharidin  subcu- 
taneously. Total  cantharidin,  28  milligrams.  Urine  obtained  prior  to 
the  experiment  was  normal.  Oct.  14,  1910,  left  kidney  removed.  One 
milligram  of  cantharidin  per  kilogram  subcutaneously.  On  the  15th  the 
injection  was  repeated.  A  quantity  of  urine  was  lost,  30  cubic  centimeters 
was  recovered.  This  urine  gave  a  pronounced  test  for  albumen  and  con- 
tained niunerous  hyaline  casts,  a  few  granular  casts  and  numerous  erythro- 
C3rte8.  The  animal  received  the  third  injection  of  the  cantharidin  on  the 
following  day.     Urine  210  cubic  centimeters,  very  albuminous,  few  hyaline 
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casts  and  numerous  erythrocytes.  The  animal  was  chloroformed  on  the 
fourth  day  of  the  experiment.  The  bladder  contained  54  cubic  centi- 
meters of  urine  which  was  highly  albuminous  and  showed  numerous  casts 
and  erythrocytes.  The  left  kidney  is  normal.  The  right  kidney  shows  a 
fairly  diffuse  congestion  with  prominent  Malpighian  bodies.  The  micro- 
scopic pathology  demonstrates  vascular  changes  of  fair  severity.  No 
intertubular  exudate.  The  epithelium  shows  little,  if  any,  abnormality. 
Casts  and  granular  detritus  are  found  in  the  tubules.  The  output  of  urine 
is  likely  altered  but  little. 

The  experiment  should  be  contrasted  with  Experiment  No. 
1 1  of  this  series.  The  vascular  pathology  in  the  two  experi- 
ments is  strikingly  similar.  The  epithelial  pathology  is  widely 
different.  In  Experiment  No.  1 1  with  marked  epithelial 
changes  an  anuria  developed  quite  rapidly.  In  Experiment 
No.  13,  with  an  equally  severe  vascular  disturbance  and  with 
only  slight  epithelial  damage,  the  output  of  urine  is  unin- 
fluenced. 

Anatomical  study  {third  modification).  Series  10.  Experiment  No,  i. 
Hound  bitch.  Weight,  3.85  kilograms.  Potassium  dichromate,  20 
milligrams  per  kilogram  subcutaneously.  Total  dichromate,  60.85  niilli- 
grams.  Animal  was  given  200  cubic  centimeters  of  water  by  stomach 
tube  daily  throughout  the  experiment.  Dry  diet.  The  urine  flow  on  these 
days  was  as  follows:  180,  180,  218  cubic  centimeters.  Normal.  On  the 
fourth  day  20  milligrams  per  kilogram  of  chromate  was  given  subcu- 
taneously. On  the  day  of  injection  the  output  of  urine  was  186  cubic 
centimeters.  Normal.  On  the  following  day  the  urine  increased  to  278 
cubic  centimeters,  was  highly  albuminous  and  contained  numerous  hyaline 
and  granular  casts  and  erythrocytes.  Animal  chloroformed.  The  kid- 
neys in  the  gross  and  microscopically  show  an  intense  congestion.  Tiie 
endothelial  nuclei  are  very  prominent.  The  epithelium  shows  cloudy 
swelling  and  vacuolation  and  slight  encroachment  upon  the  lumen  of  the 
tubules.    Convoluted  tubules  are  principally  affected.    Casts  are  numerous. 

In  this  experiment  there  is  an  early  diffuse  nephritis, 
involving  both  the  vascular  and  epithelial  elements  of  the 
kidney.  The  epithelium  has  suffered  least.  The  output  of 
urine  is  increased. 

Series  10.    Experiment  No,  2. 
Hound  bitch.    Weight,  2.60  kilograms.    Potassium  dichromate,  10-20 
milligrams  per  kilogram  subcutaneously.    Total  dichromate,  78  milligrams. 
The  animal  was  given  200  cubic  centimeters  of  water  by  stomach  tube 


Digitized  by  CjOOQIC 


A   STUDY   OF  THE  RENAL  EPITHELIUM.  I  OS 

each  day  of  the  experiment.  On  the  two  days  prior  to  the  use  of  the 
chromate  the  urine  flow  was  i8i  and  163  cubic  centimeters.  On  the 
third  day  20  milligrams  of  chromate  per  kilogram  was  given  subcutane- 
ously.  The  urine  flow  was  340'  cubic  centimeters.  Normal.  On  the 
following  day  10  milligrams  per  kilogram  of  chromate  was  given.  Urine 
flow  218  cubic  centimeters.  Highly  albuminous,  with  numerous  casts 
and  erythrocytes.  During  the  following  day  the  urine  flow  was  88  cubic 
centimeters.  The  amount  of  albumen  casts  and  erythrocytes  greatly 
increased.  Animal  chloroformed.  The  kidneys,  so  far  as  the  vascular 
reaction  is  concerned,  are  similarly  affected  as  in  the  preceding  experi- 
ment. The  epithelium  is  greatly  swollen  and  in  areas  necrotic.  The 
epithelium  of  the  collecting  tubules  and  of  Henle^s  loop  is  strikingly 
exempt  from  such  changes. 

The  experiment  shows  a  vascular  reaction  histologically 
comparable  to  that  of  the  preceding  experiment.  It  differs 
from  the  preceding  experiment  in  the  degree  of  epithelial 
involvement.     The  output  of  urine  is  reduced. 

Series  10.  Experiment  No,  3. 
Mongrel  bitch.  Weight,  2.18  kilograms.  Potassium  dichromate,  10- 
20  milligrams  per  kilogram  subcutaneously.  Total  dichromate,  109  milli- 
grams. Animal  received  200  cubic  centimeters  of  water  by  stomach  tube 
daily.  On  the  three  days  prior  to  the  chromate  the  urine  flow  was  260, 
275,  and  264  cubic  centimeters.  Normal.  On  the  fourth  day  the  animal 
received  20  miUigrams  of  chromate  per  kilogram,  and  on  the  three  suc- 
ceeding days  10  milligrams  per  kilogram.  Urine  flow,  190,  132,  and  70 
cubic  centimeters.  Terminal  day,  25  cubic  centimeters.  Albumen  casts 
and  er3rthrocytes  appeared  in  the  urine  within  twelve  hours  after  the  first 
injection  and  increased  in  quantity  each  day.  A  reaction  for  sugar 
developed  in  the  urine  on  the  last  day  of  the  experiment.  Animal 
chloroformed.  The  post-mortem  shows  a  gastro-enteritis  and  a  marked 
perirenal  edema.  The  kidneys  show  a  vascular  reaction  of  £dr  severity. 
There  are  no  histological  vascular  alterations,  other  than  the  prominence 
of  the  nuclei  of  Bowman^s  membrane  and  of  the  capillaries.  The  con- 
voluted tubules  are  the  principal  seat  of  the  epithelial  changes,  which 
consist  in  advanced  cloudy  swelling,  necrosis,  and  desquamation,  with 
obliteration  of  the  lumen  of  the  tubules.  Casts  are  numerous.  A  condi- 
tion approaching  an  anuria  has  developed. 

Series  11.    Experiment  ATo.  i. 

Hound  bitch.    Weight,  2.45  kilograms.    Cantharidin,  i  milligram  per 

kilogram.    Total  cantharidin,  9.8  milligrams.    Animal  received  150  cubic 

cendmeters  of  water  by  stomach  tube  throughout  the  experiment.     The 

urine  flow  on  the  days  preceding  the  use  of  cantharidin  was  174  and  188 
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cubic  centimeters,  and  on  the  day  of  the  first  injection  170  cubic  centi- 
meters. Urine  normal.  Cantharidin,  i  milligram  per  kilogram  was  given 
subcutaneously  on  each  succeeding  day,  except  the  last  day  of  this  ex[>eri- 
ment.  The  urine  flow  was  as  follows :  243,  225,  193,  and  273  cubic  centi- 
meters. A  trace  of  albumen  appeared  on  the  day  following  the  first 
injection.  The  amount  of  albumen  increased  daily.  A  few  casts  and 
erythrocytes  were  present  in  the  urine  the  last  two  days  of  the  experi- 
ment. Animal  chloroformed.  The  kidneys  show  a  moderate  grade  of 
congestion.  The  Malpighian  bodies  are  not  generally  well  filled  by  the 
capillaries.  The  epithelial  and  endothelial  nuclei  are  normal.  The 
tubular  epithelium  appears  shrunken,  the  tubular  lumen  is  unusually  large. 
The  cytoplasm  and  the  nuclei  stain  normally.  An  occasional  cast  is 
seen. 

The  experiment  shows  an  early  cantharidin  nephritis,  with 
a  fairly  severe  vascular  reaction,  no  epithelial  reaction,  and 
an  increase  in  the  output  of  urine. 

Series  11.  Experiment  No.  2. 
Hound  bitch.  Weight,  2.1  kilograms.  Canthandin,  i  milligram  per 
kilogram  subcutaneously.  Total  cantharidin,  2.1  milligrams.  Animal 
received  150  cubic  centimeters  of  water  by  stomach  tube.  Total  daily 
output  of  urine  before  the  kidney  poison,  213  and  218  cubic  centimeters. 
Normal.  Following  one  injection  of  cantharidin  the  urine  decreased  to 
161  cubic  centimeters,  was  highly  albuminous,  and  contained  numerous 
hyaline  and  granular  casts  and  erythrocytes.  Chloroformed.  The  kid- 
neys show  a  foirly  severe  congestion,  the  Malpighian  bodies  are  very 
prominent,  and  well  filled  by  the  capillaries.  The  endothelium  is  not 
affected.  The  tubular  epithelium  shows  an  early  cloudy  swelling,  vacuo- 
lation  and  encroachment  upon  the  lumen  of  the  tubules.  The  output  of 
urine  is  decreasing. 

Series  8.  Experiment  No.  i. 
Hound  bitch.  Weight,  4  kilograms.  Uranium  nitrate,  10  milligrams. 
Total  uranium,  30  milligrams  subcutaneously.  Animal  received  200 
cubic  centimeters  of  water  by  stomach  tube.  Urine  prior  to  uranium 
170  and  165  cubic  centimeters.  Normal.  One  hundred  and  eighty-five 
cubic  centimeters  of  normal  urine  on  the  first  day  of  the  injection.  Injec- 
tions were  made  on  the  next  two  days.  On  the  first  day  the  output  of 
urine  was  225  cubic  centimeters,  no  sugar,  pronounced  reaction  for  albu- 
men. Hyaline  casts.  The  third  day  of  the  injections  the  urine  decreased 
to  69  cubic  centimeters,  no  sugar,  albumen  greatly  increased.  Very 
numerous  hyaline  and  granular  casts  and  erythrocytes.  Chloroformed. 
The  post-mortem  failed  to  show  either  general  or  perinephric  edema. 
The  kidneys  were  severely  congested,  deep  red  in  color  and  dripped  blood 
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freely.  The  Malpighian  bodies  were  prominent  and  contrasted  strikingly 
with  the  pale  cortex.  The  microscopic  examination  confirmed  the  gross 
pathology.  The  epithelium  of  the  tubules  shows  cloudy  swelling  and  an 
early  necrosis.  Rather  frequently  the  epithelium,  without  much  swelling, 
is  shelved  from  its  basement  membrane  into  the  tubular  lumen.  The 
lumen  is  partly  or  completely  obstructed  by  the  epithelial  changes.  The 
output  of  urine  is  decreased. 

Series  8.    Experiment  No.  2. 

Mongrel.  Weight,  3.45  kilograms.  Uranium  nitrate,  10  milligrams 
daily.  Total  uranium,  60  milligrams.  Two  hundred  and  fifty  cubic  cen- 
timeters of  water  by  stomach  tube.  Urine  on  the  days  prior  to  uranium, 
175.  I70t  and  350  cubic  centimeters.  Normal.  Except  in  the  urine  of  the 
last  day  sugar  was  present.  Ten  milligrams  of  uranium  was  given  subcu- 
taneously  for  the  succeeding  days  of  the  experiment.  Urine  250,  190, 
145,  and  50  cubic  centimeters,  mostly  vomitus,  10  cubic  centimeters. 
Anuria  for  eleven  hours.  Albumen  casts  and  erythrocytes  appeared  the 
day  following  the  first  injection.  The  glycosuria  persisted.  The  post- 
mortem showed  an  edema  of  the  subcutaneous  tissue  of  the  abdomen. 
The  kidney  showed  a  marked  congestion,  the  Malpighian  bodies  were 
very  prominent.  The  vascular  changes  were  similar  to  the  preceding 
experiment.  The  epithelium  was  in  various  stages  of  cloudy  swelling, 
necrosis  and  desquamation.  The  disproportion  between  the  histological 
alteration  of  the  vascular  and  the  epithelial  elements  of  the  kidney  was 
striking.     Anuria. 

Series  8.     Experiment  No,  3. 

Mongrel  bitch.  Weight,  4.2  kilograms.  Uranium  nitrate,  10  milli- 
grams. Total  uranium,  10  milligrams  subcutaneously.  Water,  250  cubic 
centimeters  by  stomach  tube.  Urine  on  the  three  days  prior  to  uranium, 
207*  350>  and  330  cubic  centimeters.  Normal.  Following  10  milligrams 
of  uranium  the  animal  developed  a  glycosuria  and  the  urine  increased  to 
457  cubic  centimeters  and  contained  albumen,  hyaline  and  granular  casts 
and  erythrocytes  Animal  chloroformed.  No  edema.  The  kidneys 
show  an  intense  vascular  reaction,  and  histologically  the  glomeruli  are 
packed  with  blood  and  fairly  uniformly  fill  the  capsular  space.  The  endo- 
thelial nuclei  are  very  prominent.  Occasionally  the  capillaries  contain 
vacuoles.  The  epithelium  is  not  swollen,  but  on  the  contrary  appears  to 
have  undergone  a  shrinkage.  The  cytoplasm  has  a  granular  appearance 
and  does  not  stain  uniformly.  The  lumen  of  the  tubules  is  not  noticeably 
large.    Occasional  casts. 

The  experiment  represents  an  early  uranium  nephritis  in 
which  the  pathological  changes  are  largely  confined  to  the 
vascular   element   of  the  kidney.     The  epithelium  has  not 
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been  seriously  affected.     The  lumen  of  the  tubules  is  not 
encroached  upon.     The  output  of  urine  has  increased. 

Series  8.  Experiment  No,  4. 
Mongrel.  Weight,  4.73  kilograms.  Uranium  nitrate,  15  milligrams 
subcutaneously.  Total  uranium,  30  milligrams.  For  four  days  the 
animal  received  250  cubic  centimeters  of  water  by  stomach  tube  and  dur- 
ing this  time  the  daily  output  of  urine  was  190,  200,  277,  and  240  cubic 
centimeters.  The  water  was  increased  to  300  cubic  centimeters  and  the 
daily  output  of  urine  following  the  increase  was  225,  400,  420,  450,  355, 
and  350  cubic  centimeters.  Urine  normal.  Fifteen  milligrams  of 
uranium  were  given  and  repeated  the  following  day.  The  urine  flow 
decreased  as  follows:  340,  100,  50,  125,  and  160  cubic  centimeters.  The 
last  two  measurements  contained  a  considerable  quantity  of  vomitus.  Albu- 
men casts  and  erythrocytes  appeared  in  the  urine  during  the  first  twelve 
hours  following  the  first  injection  and  persisted.  No  sugar.  The  post- 
mortem shows  no  edema.  The  kidneys  show  the  usual  severe  vascular 
reaction.  The  Malpighian  bodies  are  well  preserved.  The  epithelium 
shows  extensive  cloudy  swelling,  vacuolation,  and  necrosis.  The  nuclei 
have  largely  disapf>eared.  Casts  are  quite  numerous.  The  lumen  of  the 
tubules  is  encroached  upon  or  obliterated  by  the  epithelial  changes. 

The  experiment  illustrates  a  late  uranium  nephritis  in 
which  the  vascular  element  of  the  kidney  is  singularly  well 
preserved,  while  the  epithelium  has  degenerated.  There  is 
likely  an  anuria.  This  cannot  be  accurately  determined  on 
account  of  the  urine  being  mixed  with  vomitus. 

Series  8.  Experiment  No.  5. 
Hound.  Weight,  2.5  kilograms.  Uranium  nitrate,  5  milligrams. 
Total  uranium,  5  milligrams  subcutaneously.  Animal  received  200  cubic 
centimeters  of  water  by  stomach  tube  for  four  days,  including  the  day  on 
which  the  uranium  was  injected.  The  output  of  urine  was  as  follows: 
84,  70,  90,  and  77  cubic  centimeters.  Urine  normal.  The  day  following 
the  uranium  injection  the  urine  increased  to  102  cubic  centimeters  and 
with  this  the  animal  developed  a  glycosuria.  The  urine  gave  a  pro- 
nounced reaction  for  albumen  and  contained  hyaline  and  granular  casts 
and  erythrocytes.  Chloroformed.  The  kidneys  show  the  usual  conges- 
tion and  microscopically  the  glomerular  vessels  are  well  filled  with  blood 
and  fairly  well  fill  the  space  enclosed  by  Bowman's  membrane.  The 
tubular  epithelium  shows  a  rather  prominent  brush  border,  stains  well  and 
appears  shrunken.  The  lumen  of  the  tubules  is  noticeably  large.  Occa- 
sional casts.  The  experiment  shows  a  moderately  severe  vascular  reac- 
tion. The  epithelium  is  not  involved  to  the  extent  of  diminishing  the 
tubular  lumen.     The  urine  is  increased. 
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Series  8.     Experiment  No.  6. 

Hound  bitch.  Weight,  2,68  kilograms.  Uranium  nitrate,  .5-2.5  milli- 
grams subcutaneously.  Total  uranium,  26.8  milligrams.  Two  hundred 
cubic  centimeters  of  water  daily  by  stomach  tube.  Urine  for  three  days, 
including  the  amount  noted  at  the  time  of  the  first  injection  of  uranium, 
241,  300,  and  217  cubic  centimeters.  Normal.  The  day  following  the 
injection  the  urine  increased  to  350  cubic  centimeters,  the  animal  devel- 
oped a  glycosuria ;  albumen  in  abundance,  few  hyaline  and  granular  casts 
and  erythrocytes.  The  following  two  days  the  urine  dropped  to  120  and 
15  cubic  centimeters  and  contained  vomitus,  albumen,  sugar,  casts,  and 
blood  cells.  Chloroformed.  The  post-mortem  showed  a  marked  subcu- 
taneous and  perirenal  edema.  The  kidney  showed  an  intense  congestion. 
Microscopically  the  glomeruli  fill  the  capsule,  the  nuclei  are  enlarged. 
Occasionally  there  is  a  fibrinous  exudate  into  the  Malpighian  bodies  and 
stroma  of  the  kidney.  The  epithelium  is  necrotic,  desquamated  and 
obliterating  the  lumen  of  the  tubules.  The  epithelium  of  Henle^s  loop 
tubules  is  fairly  well  preserved.  Casts  numerous.  The  contrast  between 
the  degree  of  preservation  of  the  vascular  element  and  the  epithelium  is 
marked.     Anuria. 

Series  6.     Experiment  No.  7. 

Mongrel.  Weight,  3  kilograms.  Sodium  arsenate,  i-io  milligrams. 
The  animal  has  been  under  observation  for  sixty  days.  Each  day  the 
animal  has  received  160  cubic  centimeters  of  water  by  stomach  tube. 
For  nine  days  prior  to  the  commencement  of  the  arsenate  injection  the 
output  of  urine  was  240,  300,  285,  260,  280,  210,  235,  176,  and  230  cubic 
centimeters  daily.  The  urine  was  normal.  For  eight  days  the  animal 
received  1.5  milligrams  of  sodium  arsenate,  for  five  days  5  milligrams, 
and  since  the  fourteenth  day  to  the  present  time  10  milligrams.  Com- 
mencing with  the  arsenical  injections  the  urine  increased  to  260  cubic 
centimeters  and  on  the  next  day  to  400  cubic  centimeters ;  gave  a  moder- 
ate reaction  for  albumen,  contained  a  few  hyaline  casts  and  erythrocytes. 
The  output  of  urine  has  varied  between  a  minimum  of  175  cubic  centi- 
meters and  a  maximum  of  500  cubic  centimeters.  The  urine  flow  on  the 
sixtieth  day  of  the  experiment  was  260  cubic  centimeters.  The  presence 
of  albumen  has  been  constant  though  distinctly  variable  in  amount.  On 
six  days  during  the  experiment  no  casts  were  found,  on  the  remaining 
days  they  were  present,  though  scant.  The  animal  has  increased  in 
weight,  now  weighing  6.85  kilograms. 

Series  6.    Experiment  No.  8, 

Mongrel.  Weight,  3.15  kilograms.  Sodium  arsenate,  3-10  milligrams. 
The  technic  employed  in  this  experiment  has  been  identical  in  every  par- 
ticular with  that  employed  in  the  preceding  experiment.  The  output  of 
urine  for  the  nine  days  before  the  use  of  the  arsenic  was  225,  265,  260, 
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2IO,  230,  200,  300,  and  300  cubic  centimeters  daily.  The  urine  was  nor- 
mal. Since  the  commencement  of  the  arsenate  injections  the  urine  has 
varied  between  170-640  cubic  centimeters.  The  output  of  urine  on  the 
sixtieth  day  is  270  cubic  centimeters.  Albumen  in  variable  quantities  has 
been  constantly  present.  Hyaline  casts  and  erythrocytes  have  been 
demonstrated  in  the  urine  on  thirty-eight  of  the  sixty  days.  The  present 
weight  of  the  animal  is  7.25  kilograms. 

The  last  two  experiments  may  be  considered  together. 
Judging  from  the  urinalyses  the  animals  have  a  nephritis. 
Judging  from  the  other  arsenical  experiments  enumerated  in 
this  paper  and  from  the  experimental  work  of  others,  these 
animals  have  had  a  vascular  nephritis,  likely  of  slight 
severity,  but  severe  enough  to  show  albumen,  casts,  and  ery- 
throcytes in  the  urine  for  thirty  days.  During  this  time  the 
output  of  urine  has  not  been  reduced. 

SUMMARY. 

At  the  conclusion  of  each  experiment  contained  in  the 
protocols,  a  note  has  been  made  of  the  vascular  reaction  of 
the  kidney,  the  extent  to  which  the  epithelium  has  been 
involved;  and  also  the  relation  which  exists  between  the 
degree  of  epithelial  involvement  and  the  total  output  of 
urine  has  been  recorded. 

The  following  summary  combines  these  elements  of  the 
experiments  for  the  different  series : 

Series  No.  5.  —  Six  animals  were  employed  in  this  series 
and  the  observations  made  were  both  anatomical  and  physi- 
ological. Cantharidin,  which  was  the  nephrotoxic  substance 
used,  was  given  intravenously. 

Four  of  the  six  animals  showed  a  temporary  increase  in 
the  output  of  urine  following  the  initial  injection  of  canthari- 
din. Observations  similar  to  this,  relative  to  the  diuresis 
produced  by  cantharidin,  have  been  previously  referred  to. 
In  three  of  these  nephritic  and  diuretic  animals  the  experi- 
ment was  terminated  during  this  stage  of  the  nephritis ;  while 
in  the  remaining  animals  of  the  series  the  kidney  reaction 
was  allowed  to  continue  until  either  the  output  of  urine  had 
returned  to  approximately  what  it  was  at  the  commencement 
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of  the  experiment,  or  the  output  was  greatly  reduced, 
approaching  a  condition  of  anuria. 

In  none  of  the  kidneys  of  those  animals  examined  histo- 
logically before  any  reduction  in  the  output  of  urine  below 
the  normal  had  developed,  although  the  animal  had  an  active 
nephritis  as  indicated  by  the  urinalyses  and  by  the  pathology 
of  the  kidney,  were  the  epithelial  alterations  of  such  a  charac- 
ter as  to  encroach  upon  or  materially  influence  the  size  of 
the  lumen  of  the  tubules.  On  the  other  hand,  in  those  ani- 
mals which  showed  prior  to  the  termination  of  the  experi- 
ment a  reduction  in  the  output  of  urine  the  epithelial  changes 
were  prominent  in  the  pathology  of  the  kidney  and  tended 
towards  an  obliteration  of  the  tubular  lumen.  The  difference 
in  the  degree  of  epithelial  involvement  is  clearly  seen  by 
comparing  Figs,  i  and  2  of  Experiments  4  and  5. 

In  this  series  of  experiments  the  vascular  pathology,  so 
far  as  it  can  be  interpreted  by  histological  alterations,  does 
not  show  the  same  association  between  the  severity  of  the 
changes  and  the  output  of  urine,  as  is  shown  by  the  epithe- 
lium. For  example,  in  Experiments  4  and  5  the  vascular 
pathology  is  practically  identical  in  the  two  experiments. 
The  gross  pathology  of  the  kidneys  gives  every  evidence  of 
a  severe  vascular  disturbance  and  the  microscopic  pathology 
confirms  this,  yet  in  Experiment  4  the  output  of  urine  is 
increased,  while  in  Experiment  5  we  get  an  anuria. 

In  this  first  series  of  experiments  physiological  observa- 
tions were  made  before  the  purely  anatomical  study  was 
decided  upon.  The  results  of  these  observations  will  there- 
fore be  incidentally  incorporated  in  the  discussion  of  this 
series. 

Oncometric  determinations  of  the  kidney  volume  were 
made  in  only  one  experiment.     These  will  not  be  considered. 

The  carotid  blood  pressure  remained  remarkably  constant 
throughout  the  experiment.  In  those  animals  which  either 
developed  an  anuria,  or  a  condition  approaching  it,  the  fact 
that  the  general  blood  pressure  remained  as  high  as  or  higher 
than  it  was  at  the  commencement  of  the  experiment  excludes 
a  general  circulatory  failure  as  being  a  factor  in  decreasing 
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the  output  of  urine.  The  elimination  of  this  possible  factor 
in  the  development  of  an  anuria  does  not,  of  course,  exclude 
the  possibility  of  a  local  circulatory  failure  in  the  kidney. 

The  rate  of  the  heart  was  temporarily  increased  in  three  of 
the  experiments;  and  accompanying  the  increase  in  rate 
there  was  a  temporary  rise  in  arterial  pressure.  It  is  inter- 
esting to  note  that,  associated  with  this  change  in  the  circula- 
tion, there  develops  the  initial  increase  in  the  flow  of  urine. 

In  all  of  the  animals,  with  one  exception,  there  was  a  pro- 
gressive decrease  in  the  respiratory  rate.  In  the  excepted 
animal  the  respirations  remained  constant  throughout  the 
experiment. 

Series  No.  6.  —  The  animals  employed  in  this  series  fur- 
nished a  purely  anatomical  study.  The  technic  has  under- 
gone three  modifications. 

The  first  three  animals  of  this  series  were  allowed  to 
remain  in  cages  for  the  three  days  before  the  use  of  the 
nephrotoxic  substance,  which  in  each  instance  was  potassium 
dichromate.  During  this  period  the  intake  of  fluid  was  not 
restricted.     The  urine,  which  was  examined  daily,  was  normal. 

The  experiments  consisted  in  anesthetizing  the  animals, 
removing  one  kidney  as  a  control,  introducing  a  ureter 
canula  into  the  ureter  of  the  intact  kidney,  and  in  observing 
the  flow  of  urine  at  half-hour  periods.  The  chromate  was 
given  subcutaneously. 

The  first  animal  received  289.97  milligrams  of  the  chro- 
mate, the  second  one  hundred,  and  the  third  three  hundred 
and  fifteen  milligrams.  All  of  the  animals  showed  the 
presence  of  albumen  and  casts  in  the  urine  within  half-hour 
of  the  initial  injection  of  the  chromate.  The  amount  of 
albumen  and  the  number  of  casts  showed  an  increase  until 
the  termination  of  the  experiment. 

In  Experiment  No.  i  the  output  of  urine  increased  from 
two  cubic  centimeters  per  half-hour  before  the  injection  to 
fifteen  and  two-tenths  cubic  centimeters,  at  which  time  the 
intact  kidney  was  removed  and  the  animal  killed. 

In  the  third  experiment  the  same  increase  in    the   urine 
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from  the  chromate  was  observed.  In  this  instance  the  urine 
flow  varied  from  two  and  seven-tenths  cubic  centimeters 
before  the  chromate  to  twenty-six  cubic  centimeters  at  the 
close  of  the  experiment. 

The  second  experiment  gave  a  similar  increase,  though  to 
a  less  degree. 

The  effect  of  the  chromate  in  these  experiments  on  the 
flow  of  urine  was  far  from  what  had  been  expected. 

Judging  from  the  work  of  others  and  assuming  that  the 
epithelial  changes  had  an  influence  in  determining  the 
quantitative  output  of  urine,  it  was  with  this  kidney  poison 
that  an  anuria  was  expected  to  develop  rapidly,  on  account 
of  the  known  tendency  of  the  chromates  to  produce  a 
tubular  nephritis. 

As  will  be  seen  from  a  study  of  the  protocols,  the  pathol- 
ogy of  the  kidney  in  an  early  chromate  nephritis  bears  a 
striking  resemblance  to  the  early  nephritis  from  cantharidin. 
In  the  three  chromate  nephritides  just  mentioned,  the 
vascular  element  of  the  kidney  is  the  element  which  is  first 
affected  and  which  shows  the  most  notable  change.  The 
epithelial  element  in  these  early  experiments  is  but  slightly 
involved  and  the  cells  not  only  do  not  show  an  encroachment 
upon  the  lumen  of  the  tubules  but  in  Experiment  No.  I,  if 
any  change  in  volume  has  taken  place,  it  has  been  in  the 
direction  of  a  shrinkage  (Figs.  3  and  4). 

Judging  from  other  chromate  experiments  and  from 
experiments  with  other  nephrotoxic  substances,  these  poly- 
uric  animals  with  a  chromate  nephritis,  if  they  had  been 
given  sufficient  time,  would  have  developed  an  anuria. 
Furthermore,  the  development  of  the  anuria  would  probably 
have  taken  place  much  more  rapidly  on  account  of  the 
undoubted  affinity  of  the  chromates  for  the  tubular  epithe- 
lium than  would  have  been  the  case  if  poisons,  such,  for 
instance,  as  arsenic  or  cantharidin  had  been  employed, 
which  have  more  predilection  for  the  vascular  side  of  the 
kidney. 

The  fourth  animal  of  the  series  was  not  subjected  to  the 
effect  of  a  nephrectomy  or  to  an  anesthetic,  but  was  given 
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the  chromate  in  a  much  larger  dose  on  two  successive  days. 
Prior  to  the  injection  the  animal  was  voiding  normal  urine. 
After  the  first  injection  only  twenty-five  cubic  centimeters  of 
bloody,  highly  albuminous  urine  containing  casts  was  voided. 
The  animal  died  on  the  second  day  of  the  second  injection. 

The  kidney  showed  a  fairly  severe  vascular  reaction  and  a 
pronounced  reaction  on  the  part  of  the  tubular  epithelium, 
which  was  greatly  swollen  and  which  encroached  upon, 
or  occluded  the  tubules.  On  the  first  day  the  output  of 
urine  was  greatly  reduced  and  on  the  second  day  the  animal 
was  an  uric. 

The  kidneys  of  this  animal  represent  a  later  stage,  and  the 
usually  observed  stage  of  a  chromate  nephritis,  in  which  the 
tubular  nephritis  is  more  marked  than  the  vascular  (Figs.  5 
and  6.) 

The  second  modification  of  the  technic  employed  in  the 
anatomical  study  consisted  in  selecting  animals  in  a  state  of 
good  nutrition,  excluding  the  presence  of  a  naturally  acquired 
nephritis,  and,  after  three  days  of  preliminary  observation,  in 
removing  the  left  kidney  as  a  control  and  then  in  injecting 
various  kidney  poisons  subcutaneously. 

The  intake  of  fluid  by  these  animals  was  not  restricted 
and,  as  the  quantity  of  fluid  consumed  by  the  different  ones 
varied,  the  output  of  urine  would  also  vary  necessarily. 
The  anatomical  study  of  the  kidney  has,  therefore,  a  relative 
rather  than  an  absolute  value  in  interpreting  the  influence  of 
the  pathology  incident  in  the  kidney  upon  the  total  output 
of  urine. 

In  the  next  series  of  animals  to  be  discussed,  in  which  an 
accurate  account  was  made  of  the  intake  of  fluid  by  the 
animals  and  in  which  the  same  nephrotoxic  substances  were 
employed,  the  results  obtained  substantiate  the  observations 
made  in  the  series  now  under  consideration. 

The  first  three  animals  used  in  this  series  were  subjected 
to  a  chromate  nephritis.  The  first  animal  (No.  5)  received 
three  hundred  milligrams  of  the  chromate;  the  second 
(No.  6),  four  hundred  and  fifty;  and  the  third  (No.  7),  three 
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hundred  and  sixty.  In  all  three,  either  a  complete  anuria  or  a 
condition  approaching  an  anuria  developed  rapidly.  In  none 
was  there  a  period  in  which  the  output  of  urine  was 
increased. 

The  pathology  of  the  kidney  shows  a  severe  vascular 
nephritis  and  accompanying  these  changes  equally  severe 
changes  in  the  tubular  epithelium,  which  has  either  led  to  a 
complete  occlusion  of  the  tubules  or  to  a  marked  reduction 
in  the  tubular  lumen. 

These  experiments  should  be  contrasted  with  the  diuretic 
experiments  from  the  chromates  which  have  been  previously 
discussed.  In  these  experiments  smaller  quantities  of  the 
chromate  were  administered  and  the  experiments  were  termi- 
nated artificially  at  an  early  stage  in  the  nephritis. 

In  the  diuretic  experiments,  although  the  vascular  pathol- 
ogy was  pronounced,  the  epithelium  was  but  little  involved, 
and  the  output  of  urine  was  not  only  not  reduced  but  had 
in  fact  undergone  an  increase. 

In  the  experiments  just  described,  which  represent  a  later 
stage  of  the  nephritis,  characterized  by  epithelial  involve- 
ment, the  urine  is  either  greatly  reduced  or  an  anuria  has 
developed  (Figs.  7,  8,  and  9). 

Two  of  the  animals  employed  in  this  series  were  subjected 
to  an  arsenical  nephritis. 

The  first  (No.  8),  after  the  removal  of  the  left  kidney, 
which  later  proved  to  be  normal,  was  given  subcutaneously 
ten  milligrams  per  kilogram  of  the  arsenic  solution  on  six 
successive  days ;  then  with  an  intermission  of  one  day  the 
injections  were  resumed  for  the  following  two  days. 

As  will  be  seen  from  the  protocol,  although  large  doses  of 
the  poison  were  being  used  and  frequently  repeated,  the  out- 
put of  urine  was  certainly  not  greatly  reduced  even  when  the 
animal  had  developed  an  albuminuria  with  casts.  On  the 
second  day  following  this  observation  the  animal  became 
anuric  and  this  state  persisted  until  its  death,  three  days 
later. 

The  renal  pathology  in  this  animal  is  extremely  interest- 
ing as  it  possibly  furnishes  an  explanation  for  the  delayed 
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anuria  when  large  doses  (ninety-five  milligrams)  of  the 
poison  were  being  administered  daily. 

The  vascular  pathology,  which  is  especially  striking  and 
which  has  led  to  the  formation  of  an  unusually  large  inter- 
tubular  and  intraglomerular  exudate,  was  probably  gradual 
in  its  development.  It  was  perhaps  present  to  some  extent 
when  the  urine  flow  was  two  hundred  and  forty  cubic  cen- 
timeters and  contained  albumen  and  casts.  The  anuria 
developed  two  days  after  this  indication  of  vascular  injury 
and  it  was  probably  during  this  period  that  enough  exudate 
between  the  tubules  had  been  formed  either  to  greatly  lessen 
their  lumen  or  to  cause  it  to  become  obliterated  by  com- 
pression of  the  tubules  by  the  exudate.  In  this  nephritis, 
although  the  epithelium  is  involved  in  the  reaction  and  is  to 
some  extent  increased  in  volume,  the  principal  change  which 
has  reduced,  or  obliterated  to  a  slit-like  opening,  the  tubular 
lumen  has  been  the  compression  of  the  tubules  by  the 
exudate. 

The  occasional  compression  of  the  glomerular  capillaries 
by  the  intraglomerular  exudate  is  another  factor  which  has 
to  be  considered  in  this  experiment  as  contributing  to  the 
development  of  the  anuria. 

It  has  been  shown  in  investigations  which  have  been  pre- 
viously referred  to  that  arsenic  produces  more  nearly  an 
exclusively  vascular  nephritis  than  does  any  other  nephro- 
toxic substance,  and,  also,  that  the  output  of  urine  is  least 
affected  by  this  poison. 

These  observations  may  find  an  explanation  in  the  fact 
that  arsenic  has  but  slight  initial  affinity  for  the  tubular  epi- 
thelium and  that  an  anuria  from  arsenic  developed  when  the 
vascular  pathology  is  of  such  severity  as  to  involve  indirectly 
the  epithelial  element  of  the  kidney.  In  this  connection 
there  must  also  be  considered  the  late  effect  of  arsenic 
directly  upon  the  epithelium,  which  increases  its  volume  and 
contributes  to  the  same  results  (Figs.  lO.  ii,  and  12). 

The  second  arsenical  experiment  (No.  12)  in  this  series 
tends  to  substantiate  this  view. 

This  animal   received  fifty-five    milligrams  of  arsenic  on 
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seven  successive  days.  The  daily  flow  of  urine  varied 
between  175-210  cubic  centimeters,  and  when  the  animal 
was  chloroformed  on  the  eighth  day  the  bladder  contained 
forty-four  cubic  centimeters  of  fairly  albuminous  urine,  with 
numerous  erythrocytes  and  a  few  casts. 

Pathologically  the  kidney  showed  an  intense  vascular  reac- 
tion which  had,  however,  not  reached  the  stage  of  exudate 
formation.  The  lumen  of  the  tubules  was  not  encroached 
upon  either  by  changes  in  the  epithelium  or  by  compression 
of  the  tubules.  The  output  of  urine  was  evidently  not 
greatly  reduced  (Fig.   13). 

In  two  experiments  which  are  now  in  progress  (No.  7  and 
No.  8)  the  observations  which  have  been  made  also  tend  to 
support  the  explanation,  which  has  been  ventured,  for  the 
development  of  an  anuria  in  an  arsenical  nephritis. 

The  remaining  experiments  in  this  series  consist  of  two 
with  cantharidin  and  one  each  with  aloin  and  bichloride  of 
mercury.  The  last  two  will  not  be  discussed  as  they  fur- 
nished insufRcient  data. 

The  cantharidin  animals  (No.  11  and  Np.  13)  show  an 
anuric  type  of  nephritis,  and  also  a  type  in  which,  with  a 
marked  vascular  pathology,  the  output  of  urine  is  not  greatly 
reduced. 

In  the  former  experiments  the  epithelial  degeneration  has 
developed  surprisingly  early  and  serves  to  show  the  extent 
to  which  this  element  of  the  kidney  may  be  affected  by  can- 
tharidin, a  poison  usually  supposed  to  have  such  a  selective 
action  on  the  vessels. 

The  latter  experiment  shows  the  usual  type  of  cantharidin 
nephritis  in  which  the  vascular  pathology  predominates  over 
that  of  the  epithelium  (Figs.  14,  15,  and  16). 

The  third  modification  of  the  anatomical  technic  which 
was  employed  in  Series  10,  11,  and  8  differed  from  the  tech- 
nic used  in  Series  6,  in  that  a  known  quantity  of  water  was 
given  to  the  animals  each  day.  With  this  modification  a 
check  would  be  had  on  the  observations  made  relative  to  the 
total  output  of  urine  in  the  animals  of  Series  6,  in  which  the 
intake  of  water  was  not  restricted. 
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The  kidney  poisons  used  in  these  series  of  experiments 
were  potassium  dichromate  to  represent  the  epithelial  or 
tubular  type  of  nephritis,  arsenic  and  cantharidin  to  repre- 
sent the  vascular  type,  and  uranium  nitrate  to  represent  a 
combination  of  both  types. 

In  Series  lo  three  animals  were  used  for  the  chromate 
nephritis.  The  chromate  was  administered  subcutaneously. 
The  animals  received  two  hundred  cubic  centimeters  of  water 
daily  by  stomach  tube. 

The  first  animal,  before  the  chromate  was  used,  had  a 
daily  flow  of  urine  varying  between  one  hundred  and  eighty 
and  two  hundred  and  eighteen  cubic  centimeters.  The  urine 
was  normal.  On  the  day  of  the  first  chromate  injection  the 
urine  flow  was  one  hundred  and  eighty-six  cubic  centimeters, 
on  the  following  day  it  had  increased  to  two  hundred  and 
seventy-eight  cubic  centimeters,  was  very  rich  in  albumen 
and  contained  numerous  hyaline  and  granular  casts  and 
erythrocytes.  The  animal  was  chloroformed  in  this  stage  of 
the  chromate  nephritis,  in  which  the  animal  is  polyuric. 

The  kidney  showed  a  diffuse  nephritis  in  which  both  the 
vascular  and  the  epithelial  elements  of  the  kidney  were 
involved.  The  vascular  pathology  was  histologically  more 
pronounced  than  was  the  epithelial  pathology.  Urine  flow 
was  not  only  not  reduced  but  was  increased. 

The  remaining  experiments  of  this  series  were  allowed  to 
continue  until  the  output  of  urine  was  either  reduced  or  the 
animal  was  practically  anuric. 

Histologically  the  vascular  pathology  in  these  experiments 
is  identical  with  the  vascular  pathology  in  the  previous 
experiment.  The  epithelial  degeneration  is,  however,  much 
more  extensive,  and  the  lumen  of  the  tubules  is  more  uni- 
formly encroached  upon  by  the  altered  epithelium. 

In  Series  ii  cantharidin  was  employed  subcutaneously. 
The  animals  were  given  one  hundred  and  fifty  cubic  centi- 
meters of  water  daily. 

The  first  animal  of  the  series  was  chloroformed  on  the 
fourth  day  of  the  nephritis,  when  the  urine  had  increased 
from  one  hundred  and  seventy  cubic  centimeters  prior  to  the 
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cantharidin  to  two  hundred  and  seventy-three  cubic  centi- 
meters. 

The  kidneys  showed  the  usual  severe  vascular  nephritis 
that  is  produced  by  this  poison.  The  epithelial  involvement 
was  slight. 

The  second  experiment  of  this  group  was  terminated  when 
the  output  of  urine  had  been  reduced  from  two  hundred  and 
eighteen  to  one  hundred  and  sixty-one  cubic  centimeters. 
The  vascular  pathology  differed  in  no  way  from  that  of  the 
preceding  experiment.  The  epithelium  showed  a  well  defined 
swelling,  vacuolation,  and  encroachment  upon  the  tubular 
lumen. 

It  will  be  noted  that  in  the  experiments  of  Series  10  and 
II,  in  which  a  known  quantity  of  fluid  was  daily  consumed, 
the  results  obtained  substantiate  the  observations  made  in 
the  animals  in  Series  6  in  which  the  intake  of  fluid  was  not 
restricted. 

Briefly  stated,  these  observations  are,  that  in  animals  with 
an  acute  nephritis  there  is  a  constant  association  between 
the  severity  of  the  epithelial  changes  and  the  total  output  of 
urine,  and  secondly,  that  the  vascular  reaction  may  be  histo- 
logically as  severe  in  a  polyuric  as  it  is  in  an  anuric  animal. 

In  the  final  series  of  animals  employed  in  this  study 
uranium  nitrate  was  the  nephrotoxic  substance  selected  on 
account  of  its  supposed  ability  to  involve  more  nearly  at  the 
same  time  both  the  vascular  and  the  epithelial  elements  of 
the  kidney. 

The  six  animals  representing  the  series  were  subjected  to 
the  usual  period  of  preliminary  observations.  The  quantity 
of  water  which  was  daily  allowed  them  varied  with  their 
weight.  The  smaller  animals  received  two  hundred  cubic 
centimeters;  the  larger  two  hundred  and  fifty  cubic  centi- 
meters. The  uranium  was  given  subcutaneously  in  doses 
varying  from  two  and  one-half  to  ten  milligrams  per  animal. 

At  different  periods  during  the  nephritis  which  represented 
an  increased  output  of  urine,  a  decrease,  or  an  anuria,  the 
animals  were  rapidly  chloroformed  and  the  kidney  tissue 
obtained  for  histological  study. 
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The  first  experiment  of  the  series  shows  an  initial  increase 
in  the  output  of  urine  which  is  accompanied  by  the  develop- 
ment of  a  well-marked  albuminuria  and  the  presence  in  the 
urine  of  casts.  Following  this  period  the  urine  was  greatly 
reduced  in  amount.  The  quantity  of  albumen  was  increased, 
the  casts  were  more  numerous  and  erythrocytes  were  present 
in  large  numbers. 

The  kidneys  show  a  nephritis  in  which  the  vascular  changes 
predominate.  The  epithelium  shows  cloudy  swelling  and 
early  necrosis,  vacuolation,  and  occasional  desquamation. 

In  this  animal  both  elements  of  the  kidney  are  involved. 
The  vascular  pathology  though  decidedly  pronounced  is  no 
more  extensive  than  in  animals  diuretic  from  other  kidney 
poisons. 

The  epithelial  changes,  which  are  also  pronounced,  are 
similar  to  the  changes  which  have  been  noted  during  the 
course  of  this  investigation  and  which  have  been  associated 
with  either  a  reduction  in  the  output  of  urine  or  with  an 
anuria  (F'ig.  17). 

The  second  animal  of  this  series  was  subjected  to  the 
action  of  the  poison  for  a  longer  period  than  was  the  first. 
Like  the  first,  there  developed  in  this  one,  following  the 
initial  injection  of  uranium,  a  period  during  which  the  out- 
put of  urine  was  increased.  This  was  followed  by  a  gradual 
decrease  which  terminated  in  an  anuria  for  eleven  hours 
prior  to  the  animal's  death. 

The  kidneys  show  the  most  extreme  grade  of  epithelial 
involvement,  which  is  indicated  by  the  necrosis  of  the  cells 
of  the  convoluted  tubules  and  by  cloudy  swelling  and  des- 
quamation in  different  degrees  of  severity  of  the  epithelium 
in  general.  The  Malpighian  bodies  are  remarkably  well 
preserved,  considering  the  severe  changes  in  the  tubules 
(Fig.  18). 

Experiments  3  and  5  in  this  series,  which  were  termi- 
nated during  the  period  of  increased  urine  flow,  though 
showing  a  vascular  pathology  which  histologically  is  com- 
parable to  that  noted  in  the  first  experiment,  present  a 
striking  contrast  in  the  epithelial  pathology. 
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In  Experiment  3  there  has  been  an  increase  in  the  urine 
flow  over  the  normal  of  one  hundred  and  twenty-seven  cubic 
centimeters.  The  urine  was  albuminous  and  contained 
hyaline  casts  and  granular  casts  and  erythrocytes.  The 
animal  was  glycosuric. 

In  Experiment  5  there  was  an  increase  in  urine  following 
the  uranium  of  twenty-three  cubic  centimeters.  The  animal 
was  glycosuric  and  had  a  urine  rich  in  albumen.  The  urine 
contained  erythrocytes,  hyaline  and  granular  casts. 

In  both  of  these  experiments,  in  which  there  was  every 
evidence  of  a  pronounced  vascular  nephritis,  the  output  of 
urine  was  increased. 

The  epithelial  changes  in  the  kidneys  of  these  animals  are 
remarkably  slight.  There  is  certainly  no  change  which 
tends  towards  an  occlusion  of  the  tubules  by  the  altered 
epithelium,  but  on  the  other  hand  the  epithelium  gives  the 
appearance  of  having  undergone  a  shrinkage  (Figs.  19  and 
20). 

The  association  in  these  nephritic  animals  of  a  glycosuria, 
increased  diuresis,  and  shrunken  tubular  epithelium  is  cer- 
tainly of  interest  and  has  been  considered  in  a  physiological 
study  of  uranium  nephritis.** 

The  two  remaining  experiments  in  this  series,  Animals  4 
and  6,  represent  a  later  stage  in  the  nephritis,  in  which  with 
a  histologically  intact  vascular  mechanism  but  with  severe 
epithelial  changes,  the  output  of  urine  has  been  either 
greatly  reduced  or  an  anuria  has  developed  (Fig.  21). 

The  relative  affinity  of  the  various  poisons  for  the  epi- 
thelial and  for  the  vascular  elements  of  the  kidney.  —  The 
affinity  of  the  different  nephrotoxic  substances  which  have 
been  used  in  this  investigation  for  the  different  tissues  of 
kidneys  agree  in  general  with  the  classification  made  by 
Pearce.^i 

Thus  the  chromates  usually  give  a  nephritis  which  is  more 
tubular  than  glomerular,  while  arsenic  certainly  exerts  its 
chief  influence  on  the  vascular  element  of  the  kidney. 
However  true  this   may  be,  it  has  been  shown  in   several 
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experiments  which  have  been  discussed  in  this  study  that 
provided  an  epithelial  poison  be  given  in  a  small  enough 
quantity  and  provided  the  ensuing  nephritis  be  terminated 
early,  a  nephritis  can  be  obtained  which  is  almost  purely 
vascular.  This  point  has  been  illustrated  in  animals  with  a 
typical  epithelial  poison  such  as  potassium  dichromate. 

On  the  other  hand,  it  has  also  been  demonstrated  that 
when  a  vascular  poison  is  employed,  such  as  cantharidin,  a 
tubular  nephritis  can  be  obtained,  provided  a  sufficient 
amount  of  the  poison  be  used,  or  in  case  the  nephrotoxic 
substance  be  used  in  small  quantities,  that  the  tubular 
nephritis  develops,  provided  sufficient  time  be  allowed  for  the 
development  of  this  reaction  on  the  part  of  the  kidney. 

Of  the  kidney  poisons  used  in  this  investigation  arsenic  is 
undoubtedly  the  most  selective  in  its  action,  producing  a 
vascular  nephritis  with  a  very  late  involvement  of  the  epithe- 
lium. Even  when  this  involvement  takes  place  it  is,  com- 
paratively speaking,  slight,  and  may  arise  secondarily  to  the 
vascular  pathology  and  not  be  due  to  any  direct  action  of  the 
poison  on  the  renal  epithelium. 

Lastly,  with  all  of  the  nephrotoxic  substances  employed 
there  is  a  stage  early  in  the  nephritis  when  the  reaction  by 
the  kidney  is  almost  purely  vascular.  If  this  reaction  has 
been  produced  by  a  tubular  poison  the  epithelium  of  the 
kidney  will  very  early  participate  in  the  nephritis,  while  if 
the  early  vascular  nephritis  has  been  produced  by  a  vascular 
poison  the  tubules  will  be  affected  late  in  the  nephritis. 

CONCLUSIONS. 

From  the  experimental  data  presented  in  this  investigation 
the  following  conclusions  appear  allowable: 

(i.)  Cantharidin,  potassium  dichromate,  uranium  nitrate, 
and  sodium  arsenate  produce  in  the  dog  an  acute  nephritis 
in  which  both  the  vascular  and  the  epithelial  elements  of  the 
kidney  are  involved. 

(2.)  The  histological  study  shows  that  the  vascular  ele- 
ment of  the  kidney  is  first  affected  and  that  the  rapidity  with 
which  the  epithelium  is  involved  depends  principally  upon 
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the  nephrotoxic  substances  employed  in  producing  the 
nephritis. 

(3.)  Uranium  nitrate  and  potassium  dichromate  usually 
produce  a  tubular  nephritis  much  earlier  than  either  canthari- 
din  or  sodium  arsenate. 

(4.)  In  the  early  stages  of  the  nephritis  from  these 
poisons,  when  there  is  anatomical  evidence  of  vascular  injury 
and  cither  slight  or  no  anatomical  evidence  of  epithelial 
injury,  the  output  of  urine  is  increased. 

(5.)  Later  in  the  nephritis,  when  histologically  the  vas- 
cular pathology  may  not  be  increased  in  severity,  but  when 
the  epithelium  has  become  involved,  the  output  of  urine  is 
reduced  or  an  anuria  is  established. 

(6.)  Those  nephrotoxic  substances  which  have  the  most 
marked  affinity  for  the  tubular  epithelium  are  the  substances 
which  most  rapidly  cause  either  a  reduced  output  of  urine  or 
an  anuria,  while  those  nephrotoxic  substances,  such  as  arse- 
nic, which  cause  an  early  and  a  pronounced  vascular  injury, 
with  late  epithelial  involvement,  are  the  poisons  which  have 
the  least  tendency  to  produce  an  anuria. 

(7.)  In  the  experiments  detailed  in  this  study  which  have 
shown  either  a  pronounced  decrease  in  the  output  of  urine 
or  an  anuria,  there  has  constantly  been  associated  epithelial 
changes,  which  would  produce  in  different  degrees  an 
obstruction  of  the  lumen  of  the  tubules. 

(8.)  In  those  experiments  in  which  the  output  of  urine 
has  not  been  decreased,  and  in  those  experiments  in  which 
the  output  of  urine  was  increased  beyond  the  normal,  such 
epithelial  changes  either  did  not  exist  or  they  were  histo- 
logically slight. 

(9.)  Finally,  the  investigation  does  not  presume  to  inter- 
pret, except  in  a  most  general  way,  the  physiological  reaction 
of  a  nephritic  kidney.  This  aspect  of  the  problem  will  be 
studied  with  an  appropriate  physiological  technic. 

[I  wbh  to  express  my  appreciation  to  Dr.  Torald  Sollmann  for  his 
kindness  in  going  over  with  me  the  microscopic  preparations  and  for 
reviewing  the  experimental  data.] 
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DESCRIPTION   OF  PLATES. 
Plate  III. 

Fig.  I.  —  B.  and  L.  obj.  3,  oc.  i.  Series  5,  No.  4.  The  figure  shows 
the  kidney  in  an  early  cantharidin  nephritis  with  an  increase  in  the  out- 
put of  urine.  The  glomerular  capillaries  completely  fill  the  space 
enclosed  by  Bowman*s  membrane,  the  nuclei  of  the  capillaries  and  of 
the  capsule  are  prominent.  The  tubular  epithelium  is  but  little  involved. 
A  cast  is  seen  in  one  of  the  tubules. 

Fig.  2.  —  B.  and  L.  obj.  3,  oc.  i.  Series  5.  No.  5.  The  figure  shows 
the  kidney  in  a  late  cantharidin  nephritis  with  an  output  of  only  a  few 
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drops  of  urine  in  a  half-hour  period.  The  glomerular  vessels  are  packed 
with  blood  and  fairly  uniformlj  fill  the  capsule.  The  epithelium  shows  a 
marked  grade  of  swelling  and  obliteration  of  the  tubular  lumen. 

Fig.  3.  —  B.  and  L.  obj.  3,  oc.  i.  Series  6,  No.  i.  The  figure  repre- 
sents a  chromate  nephritis  in  the  stage  of  polyuria.  The  glomerulus  is 
distended  bj  the  engorged  capillaries.  The  epithelium  shows  no  swelling. 
The  tubules  contain  granular  detritus. 

Fig.  4.  — B.  and  L.  obj.  3,  oc.  i.  Series  6,  No.  2.  This  figure  also 
represents  the  kidney  in  an  early  chromate  nephritis.  The  epithelium 
has  not  encroached  upon  the  tubular  lumen.  The  tubules  contain  granu- 
lar detritus. 

Plate  IV. 

Figs.  5  and  6.  —  B.  and  L.  obj.  3,  oc.  i.  Series  6,  No.  4.  The  figures 
represent  the  kidney  in  a  later  stage  of  chromate  nephritis  in  which  an 
anuria  had  developed.  The  swelling  and  occlusion  of  the  lumen  of  the 
tubules  by  the  epithelium  is  far  more  marked  than  is  the  vascular 
pathology. 

Fig.  7.  —  B.  and  L.  obj.  3,  oc.  i.  Series  6,  No.  6.  The  figure  shows  a 
very  late  stage  in  the  chromate  nephritis.  The  epithelium  has  undergone 
extensive  necrosis  and  the  outline  of  the  tubules  is  no  longer  preserved. 
The  glomeruli,  which  show  a  marked  degeneration,  are  fairly  well  pre- 
served, considering  the  extent  of  the  epithelial  destruction. 

Fig.  8.  —  B.  and  L.  obj.  3,  oc.  i.  Series  6,  No.  7.  The  figure  repre- 
sents the  kidney  before  the  use  of  the  chromate.  The  glomerular 
capillaries  do  not  fill  the  space  enclosed  by  Bowman's  membrane.  The 
epithelium  shows  no  encroachment  upon  the  lumen  of  the  tubules. 

Fig.  9-  —  B.  and  L.  obj.  3,  oc.  i.  Series  6,  No.  7.  The  figure  shows 
the  kidney  of  the  same  animal  in  a  late  chromate  nephritis,  with  anuria. 
The  glomerular  vessels  have  filled  the  space  enclosed  by  the  capsule  and 
show  an  early  disintegration.  The  epithelium  is  necrotic.  The  epithe- 
lial changes  are  more  extensive  than  the  vascular. 

Fig.  10.  —  B.  and  L.  obj.  3,  oc.  i.  Series  6,  No.  8.  The  figure  repre- 
sents the  kidney  of  animal  No.  8  before  the  use  of  a  nephrotoxic  substance. 

Plate  V. 

Figs.  11  and  12.  —  B.  and  L.  obj.  3,0c.  i.  Series  6,  No.  8.  These 
figures  represent  the  kidney  of  the  same  animal,  anuric  from  arsenic. 
The  vascular  pathology  is  especially  marked.  The  Malpighian  bodies 
show  an  extensive  intra-capsular  exudate  with  compression  of  the  glomeru- 
lar capillaries.  There  is  a  marked  intertubular  exudate.  The  tubules  are 
frequently  occluded.  The  occlusion  has  been  caused  more  by  the  com- 
pression of  the  exudate  than  by  changes  in  the  epithelium. 

Fig.  13.  —  B.  and  L.  obj.  3,  oc.  i.  Series  6,  No.  12.  The  figure  repre- 
sents the  kidney  in  an  arsenic  nephritis  without  a  reduction  in  the  output 
of  urine.  The  vascular  pathology  is  marked.  The  tubular  involvement 
is  slight.     No  exudate  has  been  formed  to  compress  the  tubules. 

Fig.  14.  —  B.  and  L.  obj.  3,  oc.  i.  Series  6,  No.  11.  The  figure  repre- 
sents the  kidney  of  an  animal  that  developed  an  early  anuria  from  can- 
tharidin.     There  is  an  extensive  necrosis  of  the  tubular  epithelium. 
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Fig.  15.  —  B.  and  L.  obj.  3,  oc.  1.  Series  6,  No.  13.  The  figure 
represents  the  kidney  before  the  use  of  cantharidin. 

Plate  VI. 

Fig.  16.  —  B.  and  L.  obj.  3,  oc.  i.  Series  6,  No.  13.  The  figure  is 
from  the  kidney  of  the  sanne  animal  with  a  cantharidin  nephritis.  The 
kidney  shows  a  vascular  nephritis  with  only  slight  changes  in  the  epithe- 
lium.   The  output  of  urine  was  but  slightly  reduced. 

Fig.  17.  — -  B.  and  L.  obj.  3,  oc  1.  Series  8,  No.  i.  The  figure  shows 
the  kidney  in  a  late  uranium  nephritis  with  a  histologically  well  preserved 
glomerulus.  The  epithelium  shows  the  swelling  and  vacuolation  which 
develops  prior  to  necrosis.     Urine  greatly  reduced. 

Fio.  18.  —  B.  and  L.  obj.  3,  oc.  i.  Series  8,  No.  2.  The  figure  shows 
the  kidney  of  an  animal  anuric  from  uranium.  The  glomeruli  are 
remarkably  well  preserved.  The  epithelium  is  necrotic  and  occludes  the 
lumen  of  the  tubules. 

Figs.  19  and  20.  —  B'.  and  L.  obj.  3,  oc.  i.  Series  8,  Nos.  3  and  5.  The 
figures  represent  the  kidneys  of  animals  nephritic  and  poly  uric  from 
uranium.  The  epithelium  shows  no  encroachment  upon  the  lumen  of  the 
tubules.  The  lumen  of  some  of  the  tubules  appears  unusually  large  and 
in  such  tubules  the  epithelium  appears  shrunken. 

Fig.  21.  —  B.  and  L.  obj.  3,  oc  1.  Series  8,  No.  6.  The  figure  repre- 
sents the  kidney  anuric  from  uranium.  The  glomerulus  is  histologically 
well  preserved.  The  epithelium  shows  advanced  cloudy  swelling  and 
partial  occlusion  of  the  lumen  of  the  tubules. 
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TESTS  OF   THE    EFFICIENCY    OF    PASTEURIZATION    OF    MILK 
UNDER   PRACTICAL   CONDITIONS.* 

Edwin  Henry  Schorer  and  M.  J.  Rosenau. 
{From  Ae  Department  of  Preventive  Medicine  and  Hygiene^  Harvard.) 

To  the  sanitarian,  pasteurization  has  but  one  purpose  — 
the  destruction  of  pathogenic  microorganisms.     The  thermal 
death  points  of  the   particular   pathogenic  microorganisms 
which  sometimes  invade  milk  have  been   determined  with 
precision   by  many  experiments   in   many  laboratories.     It 
has,  however,  been    an  open    question  whether    the  results 
obtained  in  the  laboratory  could  be  translated  with  safety  to 
the  pasteurization  of  large  volumes  of  milk  under  commer- 
cial conditions.     We  are  sure  that  60°  C.  for  twenty  minutes 
is  sufficient  heat  and  time  to  destroy  the  viruses   of  non- 
spore-bearing  microorganisms  such  as  those  causing  tuber- 
culosis, typhoid  fever,  diphtheria,  and  other  infections  which 
are  sometimes  found  in  milk.     Biologically  the  problem  has 
been  solved,  but  the  physical  difficulties  still  remain ;  that  is, 
it  is  difficult  to  heat  a  large  volume  of  milk  to  a  definite 
temperature    and   hold    it   at   that  temperature  for  a  given 
period    of    time.     It   is  a  comparatively   simple    matter   to 
accomplish  this  purpose  with  a  small  quantity  of  milk  in  a 
test-tube  or  flask  under  laboratory  conditions.     The  difficul- 
ties are  increased  in  practice  by  the  fact  that  milk  is  a  viscid 
fluid,  and  by  the  fact  that  the  milk  to  be  pasteurized  varies 
in  temperature   as   it   flows   to  the  heater.     When  milk  is 
heated  rapidly,  as  seems  necessary  under  commercial  condi- 
tions, the  devices  for  regulating  the  temperature  are  neither 
sensitive  enough  nor  quick  enough  to  ensure  the  heating  of 
all  the  milk  to  the  desired  temperature. 

Few  tests  have  been  made  upon  the  efficiency  of  pasteuriza- 
tion in  actual  practice  for  the  reason  that  such  tests  are 
expensive  and  require  an  entire  dairy  plant  at  the  disposal 

*This  work  was  done  under  the  auspices  of  the  Milk  and  Baby  Hygiene  Association 
of  Boston.    Received  for  publication  Feb.  15,  1913. 
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of  the  experimenters.  We  were  fortunate  in  obtaining  the 
conditions  necessary  to  carry  out  these  tests  by  having  a 
dairy,  equipped  to  handle  a  large  volume  of  milk,  placed  at 
our  disposal  just  before  it  was  dismantled.  We  desire  to 
express  our  appreciation  to  the  proprietors  of  this  plant, 
not  alone  for  permitting  it  to  be  used,  but  also  for  furnishing 
about  two  thousand  quarts  of  milk  and  other  facilities  neces- 
sary to  carry  out  the  tests. 

Three  methods  of  pasteurization  are  in  use :  ( i )  the  flash 
method;  (2)  the  holding  method;  (3)  pasteurization  in  the 
bottle.  The  flash  method,  which  is  sometimes  erroneously 
called  **  commercial "  pasteurization,  consists  in  momentarily 
heating  the  milk  to  a  temperature  of  approximately  170**  F. 
by  allowing  it  to  flow  in  a  film  over  heated  metal  pipes  or 
coils  and  then  at  once  chilling  it.  The  holding  method  con- 
sists in  heating  the  milk  to  a  temperature  between  140®  and 
155*^  F.  and  then  placing  the  heated  milk  in  a  receptacle 
where  it  is  held  at  approximately  this  temperature  for  from 
twenty  minutes  to  an  hour.  This  was  the  method  used  in 
the  experiments  recorded  in  this  paper.  Milk  pasteurized 
in  the  bottle  according  to  the  third  method  may  be  done  at 
the  home  or  at  the  dairy.  Home  pasteurization  is  particu- 
larly suitable  for  milk  used  in  infant  feeding.  To  pasteurize 
milk  in  the  bottle  upon  a  commercial  scale,  the  bottle  must 
be  closed  with  a  competent  seal  such  as  the  crimped  metal 
cap  in  common  use.  These  bottles  may  then  be  immersed 
in  a  water  bath,  brought  to  the  proper  temperature  and,  after 
a  suitable  time,  cooled.  Another  method  of  pasteurizing  milk 
in  bottles  is  in  machines  that  have  long  been  in  use  in  the 
beer  industry.  In  these  machines  the  bottles  are  not 
immersed  in  water  but  are  sprayed  with  a  shower  of  hot 
water.  Theoretically,  pasteurization  in  the  final  container  is 
preferable  for  the  reason  that  the  danger  of  subsequent  con- 
tamination is  eliminated,  but  the  usual  method  of  pasteuriz- 
ing in  bulk,  in  accordance  with  the  holding  method,  has 
proven  satisfactory  in  practice,  especially  when  the  milk  is  at 
once  machine-filled  into  sterilized  bottles. 
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Several  indices  may  be  used  to  determine  the  efficiency  of 
pasteurization;  (i)  the  time  and  temperature  records;  (2) 
the  percentage  reduction  in  the  total  number  of  bacteria,  and 
(3)  bacteriological  tests  to  determine  whether  the  pathogenic 
microorganisms  have  been  killed  or  not.  The  first  index  is 
accurate  and  trustworthy  provided  the  apparatus  is  so 
designed  and  managed  that  all  the  milk  is  thoroughly  heated 
to  the  required  temperature,  and  kept  at  that  temperature 
for  a  sufficient  length  of  time.  From  facts  that  are  soon  to 
be  given  it  will  be  evident  that  the  temperature  readings, 
commercial  thermometers,  and  thermal  recording  instruments 
are  not  always  trustworthy.  Thus  we  found  in  one  of  our 
tests  that  some  of  the  milk  flowing  through  an  apparatus  set 
at  145®  F.  only  reached  123®  F.  The  percentage  reduction 
in  the  number  of  bacteria  can  only  be  taken  as  a  general 
index  that  most  of  the  milk  has  been  sufficiently  heated,  for 
we  have  found  that  even  with  a  reduction  of  ninety-nine 
per  cent  in  the  number  of  bacteria,  the  milk  was  so  unevenly 
heated  that  some  tubercle  bacilli  escaped.  The  third  method 
of  testing  the  efficiency  of  pasteurization,  viz.,  by  determining 
whether  the  pathogenic  microorganisms  have  been  destroyed, 
is  too  difficult  and  time-consuming  to  apply  in  routine  prac- 
tice, and  is  only  applicable  to  special  tests  such  as  are 
submitted  in  this  paper. 

Description  of  pasteurizing  plant.  —  The  dairy  plant 
placed  at  our  disposal  for  the  purpose  of  carrying  out  the  tests 
recorded  below  was  equipped  to  pasteurize  4,000  quarts  of 
milk  per  hour  in  accordance  with  the  holding  method.  The 
system  consisted  of  four  essential  parts,  —  a  receiving  vat,  a 
milk  pump,  a  heater,  and  a  holding  tank.  The  details  are 
shown  in  Fig.  i.  The  receiving  vat  (A)  is  a  large  metal 
receptacle  with  a  capacity  of  about  one  hundred  gallons. 
From  the  receiving  vat  the  milk  flows  through  a  pipe  to  a 
smaller  tank  T,  from  which  it  is  pumped  through  the  heater 
B.  The  heater  shown  in  Fig.  i  is  the  simple  heater  without 
the  regenerating  chamber,  which  is  only  provided  for  econ- 
omic purposes  and  was  not  used  in  our  experiments.     The 
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dome-shaped  heater  is  partly  filled  with  water,  which  is  kept 
at  a  constant  level  by  means  of  the  overflow  pipe  O.     The 
water  is  heated  by  nxeans  of  steam  from  a  perforated  pipe  as 
shown  in  the  diagram,  and  the  space  between  the  water  and 
the  dome  of  the  heater  is  filled  with  live  steam.     The  milk 
to  be  pasteurized  is  forced  over  this  heated  surface  by  the 
milk  pump.     After  being  heated  the  milk  flows  to  the  hold- 
ing tank  C,  where  it  is  held  for  the  desired  length  of  time. 
In  order  to  regulate  the  temperature  of  the  heated  milk 
an  automatic  device  for  increasing  or  decreasing  the  amount 
of  steam  is  connected  between  the  valve  of  the  steam  pipe 
and  the  thermoregulator  upon  the  milk  pipe    M.     In   this 
way  the  amount  of  steam  admitted  to  the  heater  B  may  be 
automatically  regulated  and  controlled  within  certain  limits. 
This  mechanical  regulator  was  not  used  in  our  experiments; 
in  its  place  the  temperature  was  controlled  by  hand.     An 
experienced  operator  opened  or  closed  the  valve  (V)  as  the 
temperature  of  the  milk  fell  or  rose. 

As  a  further  guide  to  the  working  of  the  heater  a  ther- 
mometer is  inserted  in  the  milk  pipe  M  at  a  point  Th. 
Upon  closer  examination  it  was  found  that  the  thermometer 
is  placed  in  a  dead  end  of  pipe,  and  furthermore  the  bulb  of 
the  thermometer  projects  less  than  one-quarter  of  an  inch 
into  the  milk  in  this  dead  end  (see  detail  Fig.  i).  Such  a 
thermometer,  therefore,  does  not  record  the  temperature  of 
all  portions  of  the  milk  flowing  through  the  pipe  M. 

Temperatures  of  continuously  flowing  milk  may  be  taken 
in  two  ways :  either  a  thermometer  may  be  held  in  the  flow- 
ing stream  or  else  parts  of  the  flow  may  be  collected  from 
time  to  time  in  an  appropriate  container  and  the  temperature 
then  taken  of  these  portions.  Obviously  a  thermometer  in 
the  stream  gives,  within  certain  limits,  only  the  mean  tem- 
perature and  fails  to  record  either  the  maximum  or  mini- 
mum temperature  of  certain  parts  of  the  milk  that  pass. 
The  lag  even  in  a  delicate  thermometer  would  here  play  a 
considerable  part.  In  our  experiments  we  always  compared 
the  temperature  recorded  upon  the  commercial  type  of  ther- 
mometer in  the  milk  pipe  with  frequent  temperature  readings 
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of  portions  of  the  flow  collected  in  a  quart  measure,  and 
tested  with  our  standardized  thermometer. 

The  actual  temperature  of  the  milk.  —  The  efficiency  of 
the  apparatus  placed  at  our  disposal  was  tried  in  four  tests 
or  runs.  In  the  first  run  it  was  planned  to  heat  the  milk  to 
145"*  F.,  in  the  second  run  to  140''  F.,  in  the  third  to  145**  F., 
and  in  the  fourth  to  140**  F.  The  temperature  was  regulated 
by  hand ;  that  is,  an  experienced  operator  opened  or  closed 
the  valve  V  admitting  steam  to  the  heater.  During  each  run 
temperature  readings  of  the  milk  were  frequently  taken  at 
various  parts  of  the  system.  Observations  were  made 
every  half  minute,  and  more  frequently  in  case  of  variation, 
of  the  temperature  as  recorded  in  the  thermometer  in  the 
pipe  M  leading  from  the  heater  B  to  the  tank  C,  Fig.  i. 
The  temperature  of  the  milk  as  it  entered  the  tank  C  was 
taken  by  introducing  a  thermometer  into  the  milk  stream  at 
e  in  Run  I.  These  temperatures  were  taken  as  often  as 
possible —  the  readings,  however,  were  obtained  with  some 
difficulty  owing  to  the  vapor  arising  from  the  heated  milk  as 
it  left  the  pipe  e.  Therefore  in  subsequent  Runs  II.,  III., 
and  IV.,  the  temperature  of  the  milk  flowing  from  c  was 
taken  by  collecting  portions  of  it  in  the  quart  measure. 

The  maximum  and  minimum  temperatures  of  the  milk  in 
the  holding  tank  C  in  Runs  III.  and  IV.  were  taken  with 
special  thermometers  which  were  placed  at  different  levels. 
After  the  milk  was  held  for  the  desired  length  of  time  the 
stop-cock  g  was  opened.  It  was  found  that  the  first  milk  that 
flowed  had  a  very  much  lower  temperature  than  that  desired ; 
a  considerable  quantity  of  milk  was  permitted  to  run  to 
waste  in  order  to  warm  the  pipe.  After  this,  samples  were 
collected  and  temperature  readings  made  as  fast  as  the  quart 
measure  could  be  filled  and  the  readings  taken. 

The  various  temperatures  recorded  for  the  four  runs  arc 
as  follows : 

Run  I.  —  In  this  test  the  attempt  was  made  to  pasteurize 
one  hundred  gallons  of  milk  at  145**  F.  for  twenty  minutes. 
The  microorganisms  to   be   tested  (tubercle,  typhoid,   and 
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diphtheria)  were  suspended  in  salt  solution  and  then  added 
to  one  hundred  gallons  of  raw  milk  in  the  receiving  vat  A, 
and  thoroughly  mixed  by  stirring.  Meanwhile  the  heater  B 
was  warmed  with  water.  As  soon  as  the  water  reached  the 
desired  temperature  (145**  F.)  the  milk  to  be  tested  was  run 
in  and  at  the  same  time  the  water  was  allowed  to  run  out. 
The  temperature  of  the  milk  to  be  tested  was  under  50® 
F.  As  soon  as  this  cold  milk  reached  the  heater  there 
was  an  abrupt  drop  in  the  temperature  of  the  heater  and  the 
first  milk  naturally  did  not  reach  the  temperature  desired. 
This  first  portion  was  therefore  discarded.  It  took  six 
minutes  to  run  the  entire  one  hundred  gallons  of  milk  tested 
through  the  heater.  During  this  six  minutes  of  heating 
sixteen  temperature  observations  were  made  at  the  heater  B 
and  five  as  the  milk  reached  the  tank  at  e. 

The  holding  tank  had  been  previously  warmed  and  the 
milk  was  held  twenty  minutes  counting  from  the  time  the 
last  portion  reached  the  tank.  It  required  six  minutes  to 
empty  the  tank  and  during  this  time  thirteen  temperature 
observations  of  the  milk  were  taken,  as  shown  in  Table  I. 
No  temperature  record  was  made  of  the  first  milk  leaving 
the  pipe  g,  for  reasons  already  stated. 
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Table  I.    Run  1. 
Temperature  of  milk  taken  at  three  different  points  in  the  system. 


At  Heater  (B). 

At  Tank  (e). 

From  Tank  (g). 

1500  F. 

149 

H7 

145 

138 

147 

148 

149 
150 

152 

158 

»59 
157 
i55 

153 
150 

131.00  F. 

123.2 
123.2 

163.4 
156.2 

125.60  F. 
134.6 

1364 
I4I.8 
140.9 
143.6 
144.5 

145-4 
145-4 
144.5 

146.4 
146.0 
149.0 

This  run  illustrated  some  of  the  difficulties  encountered 
in  rapidly  heating  a  large  volume  of  milk  to  a  given  tem- 
perature. Thus  the  milk  as  it  left  the  heater  varied  from 
138*"  to  159®  F.  Again,  the  temperatures  of  the  milk  as  it 
reached  the  holding  tank  showed  variations  from  123.2®  to 
163.4**  F.  It  will  therefore  be  seen  that  the  thermometer  in 
the  pipe  leading  from  the  heater  does  not  catch  either  the 
maximum  or  the  minimum  temperature  of  all  the  parts  of 
the  flowing  milk. 

The  milk  in  the  tank  itself  also  varied.  The  warmest 
milk  naturally  rose  to  the  top  and  reached  a  temperature  of 
149**   F.,  whereas   the   bottom   layers  were   only  125,6**  F. 
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Here  it  should  be  noticed  that  the  bottom  layers  are  not 
only  the  coolest  portion  of  the  milk»  but  may  be  the  portions 
held  for  the  shortest  period  of  time. 

Run  II.  —  In  this  test  an  attempt  was  made  to  pasteurize 
one  hundred  gallons  of  milk  at  140**  F.  for  twenty  minutes. 
The  method  of  operating  the  pasteurizing  machinery  differed 
somewhat  from  that  just  described  for  Run  I.  and  was  as 
follows : 

One  hundred  gallons  of  milk  were  placed  in  the  receiving 
tank.  Then  the  cultures  to  be  tested  (tubercle,  typhoid,  and 
diphtheria)  were  added  to  the  milk.  This  infected  milk  was 
then  passed  through  the  heater  and  back  to  the  receiving 
tank  for  the  purpose  of  obtaining  a  uniform  mixture  and 
also  for  the  purpose  of  warming  it  and  the  apparatus  to  the 
desired  temperature.  As  soon  as  the  entire  bulk  of  milk 
was  warmed  to  approximately  140**  F.,  which  required  eight 
minutes,  it  was  then  diverted  to  the  holding  tank.  The  time 
required  to  fill  the  holding  tank  was  three  minutes,  during 
which  time  six  temperature  observations  were  taken  at  the 
heater  B,  and  three  temperature  readings  of  the  milk  as  it 
flowed  into  the  holding  tank  at  e. 
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Table  II.    Run  II. 
Temperature  of  milk  taken  at  three  different  points  in  the  system. 


AtHemtor  (B). 

At  Tank  (e). 

From  Tank  (gr). 

139«F. 

128.30  F. 

142 

129.2 

141 

I43.6«F. 

130.1 

135 

1 31.0 

139 

134.6 

1 31. 6 

139 

140.9 

131.9 
131.9 
132.3 
131.6 
132.3 
132.3 
132.3 
132.8 
132.8 

132.3 
132.8 
132.8 
133.2 
133.2 
133.2 
133.2 
133.6 
133.6 
133.6 
134.6 
134.9 
134.6 
134.6 
134.6 
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It  will  be  seen  from  the  above  table  that  in  this  run  the 
temperature  of  the  milk  at  the  heater  varied  from  135**  to 
142**  F.,  a  variation  of  seven  degrees.  More  accurate  tem- 
perature records  taken  from  the  milk  as  it  flowed  into  the 
tank  at  e  showed  a  variation  of  nine  degrees,  viz.,  from 
134.6^  to  143.6^  F. 

In  the  holding  tank  itself  the  bottom  layers  of  milk  had  a 
temperature  of  only  128.3®  F.,  while  the  upper  layers  reached 
134.9*^  F.,  a  difference  of  eleven  and  six-tenths  degrees.  The 
time  of  holding  the  milk  was  again  determined  in  this  run, 
as  in  the  three  other  tests,  from  the  time  when  the  last  milk 
reached  the  holding  tank.  It  will  be  noticed  that  in  this 
run,  which  permitted  practically  no  factor  of  safety,  the 
actual  temperature  of  the  milk  fell  seriously  below  that 
required  to  kill  tubercle  bacilli  and  other  non-spore-bearing 
bacteria  —  140®  F.  for  20  minutes. 

Run  III.  —  In  this  test  the  attempt  was  made  to  pasteurize 
one  hundred  gallons  of  milk  at  145®  F.,  holding  some  of  it 
for  twenty  minutes  and  the  remaining  portion  for  forty-five 
minutes.  The  milk  in  this  run  was  infected  with  massive 
cultures  of  bovine  tubercle  bacilli.  The  method  of  mixing 
and  heating  the  milk  was  the  same  as  that  described  for 
Run  II.  It  required  only  two  minutes  to  run  the  warmed 
milk  through  the  heater  to  the  holding  tank.  During  these 
two  minutes  fifteen  temperature  observations  were  made  at 
the  heater  B,  and  four  as  it  entered  the  holding  tank  at  e  as 
shown  in  the  following  table : 
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Table  III.    Run  III. 
Temperature  of  milk  taken  at  three  different  points  in  the  system. 


At  Heiter  (B). 

At  Tank  (e). 

From  Tank  (g). 

ao  Minutes. 

45  Minutes. 

146^  F. 

HT 

146 
I4S 

14s 

147 
14* 
14I 
Hi 
'4S 

I47.20  F. 

149.0 

143-6 

143.6 

132.80  F. 

136.4 

136.4 

137-3 

137.6 

138.2 

i3i.o»  F. 

134.6 

134.9 

1364 

1364 

1364 

136.7 

137.3 

1373 

137.3 

1378 

137.8 

138.2 

1384 

1384 

140.0 

It  will  be  seen  from  the  above  table  that  in  this  run  the 
milk  as  it  flowed  through  the  heater  varied  only  4®  F.,  viz., 
from  144'*  to  148''  F.  Further,  it  will  be  seen  that  the  milk  as 
it  reached  the  holding  tank,  where  more  accurate  observa- 
tions were  possible,  the  variation  was  only  5.4*^  F.,  viz.,  from 
143.6^  to  I49*»  F. 

The  temperatures  of  the  milk  in  the  holding  tank  after 
being  held  twenty  and  forty-five  minutes  in  the  tank  showed 
the  same  phenomena  of  layering ;  that  is,  the  warmer  milk 
rose,  the  difference  between  the  top  and  bottom  layers  being 
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as  much  as  nine  degrees.  A  self-registering  maximum  ther- 
mometer placed  in  the  milk  in  the  holding  tank  at  different 
levels  after  the  first  ten  minutes  showed  a  maximum  reading 
of  141. 4**  F. 

Run  IV.  —  In  this  test  the  attempt  was  made  to  pasteurize 
one  hundred  gallons  of  milk  at  140®  F.  for  twenty  minutes. 
In  this  experiment  the  milk  was  inoculated  with  massive 
cultures  of  bovine  tubercle  bacilli.  The  milk  was  mixed  and 
warmed  by  the  same  method  used  for  Runs  II.  and  III. 
After  the  milk  wai  brought  to  140®  F.  it  required  three  and 
three-eighths  minutes  to  run  the  milk  through  the  heater. 
During  this  time  twenty-two  changes  of  temperature  were 
noted  at  the  heater  B,  and  eight  as  it  entered  the  holding 
tank  at  e,  as  shown  in  the  following  table : 
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Table  IV.    Run  IV. 
Temperature  of  milk  taken  at  three  different  points  in  the  system. 


At  Heater  (B). 


1400F. 

144 
144 

142 
141 

140 
140 

141 

142 

143 
144 

143 
142 
141 

140 

138 

137 
139 

140 


From  Tank  (g). 


133.160  F. 

134.9 

>35i 

136.0 

136.0 

135.8 
136.4 
136.4 

136.9 
136.8 
136.8 
137.0 
I37-0 
136.8 

137.5 

137.84 

137.84 

137.84 

137-8 

136.4 

136.4 


It  will  be  seen  from  the  above  table  that  the  temperature 
of  the  milk  as  it  flowed  through  the  heater  varied  from  137* 
to  145®  F.  —  a  difference  of  eight  degrees.  More  reliable 
temperature  readings  taken  of  the  free  milk  at  the  point  e 
varied  twelve  degrees,  viz.,  from  135.5®  ^^  147.5**  F* 

After  twenty  minutes  in  the  holding  tank  the  temperature 
was  only  133.16®  to  137.84**  F.  The  maximum  temperature 
of  the  milk  in  the  holding  tank  after  seven  minutes  was 
140**  F. ;  after  eighteen  minutes  136.9®  F. 
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It  IS  now  plain  from  the  foregoing  observations  that  con- 
siderable difficulty  is  met  with  in  heating  milk  rapidly  to  a 
desired  and  uniform  temperature  using  live  steam  as  a  heat- 
ing medium.  The  temperature  records  of  pasteurizing  runs 
in  working  plants  show,  however,  little  variation.  Further 
observations  therefore  were  made  at  a  larger  dairy  using  a 
well  recognized  pasteurizer  in  first  class  condition  to  determine 
the  accuracy  with  which  automatic  regulators  control  the 
temperature  of  the  flowing  milk.  The  following  observa- 
tions show  temperature  records  taken  at  intervals  of  thirty 
seconds.  These  readings  were  made  by  catching  a  cupful  of 
the  milk,  the  temperature  of  which  was  taken  with  stand- 
ardized thermometers  at  intervals  of  thirty  seconds : 


143.240  F. 

144.320  F. 

I44.32*>  F. 

143-96 

143.24 

143.58 

143.58 

142.76 

14144 

142.76 

143.24 

142.52 

143.24 

The  greatest  variations  observed  in  this  case  were  only  from 
141.44®  to  144.32**  F.,  a  difference  of  2.88**  F.  during  a  run  of 
six  minutes.  It  is  to  be  observed  that  the  above  observations 
were  made  after  the  heater  had  been  running  for  several 
hours  and  had  settled  down  to  a  satisfactory  automatic  regu- 
lation. This,  however,  is  not  the  case  during  the  first  seven 
or  eight  minutes  after  the  apparatus  is  started,  as  will  be 
seen  from  the  following  table,  which  shows  the  temperatures 
recorded  at  thirty  second  intervals  during  the  first  ten  min- 
utes with  the  same  apparatus : 


144.320  F. 

141.80 

147.70 

141.80 

141.80 

138.20 

136.40 


132.600  F. 

131.70 

142.76 

143.96 

143.96 

145.76 

143.96 


144.680 

143.60 

144.32 

143.60 

142.12 

143-96 
144.50 


It  is  therefore  plain  that  the  variations  at  first  are  con- 
siderable;  in  this  case  from  131. 7®  to  147.7^  F.,  a  difference 
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of  16**  F.  At  least  seven  minutes  is  required  to  get  the 
automatic  apparatus  under  satisfactory  working  control. 
This  diiBculty  in  regulating  is  not  to  be  lost  sight  of,  for 
when  the  process  of  pasteurization  has  to  be  interrupted  there 
is  likely  to  be  a  multiplication  of  irregularities  each  time  the 
heater  is  started  anew. 

In  the  holding  tank  the  warmer  milk  rises  and  the  cooler 
layers  settle  to  the  bottom.  It  is  evident  that  the  coolest  por- 
tion of  the  milk  maybe  held  for  the  shortest  time.  To  over- 
come this  difficulty  a  series  of  holding  tanks  have  been 
designed  in  which  milk  passes  from  one  tank  to  the  other. 
The  tanks  are  cylindrical  in  shape.  They  are  filled  from  the 
top  and  discharge  from  the  bottom  after  they  are  full.  The 
tanks  and  connecting  piping  are  made  of  such  size  that  with 
a  maximum  inflow  it  will  require  at  least  fifteen  minutes  to 
fill  each  tank.  The  first  tank  is  provided  with  a  feeding  pan 
which  has  a  feed  outlet  of  the  proper  dimensions  to  permit 
the  passage  of  such  an  amount  of  milk  per  hour  as  equals 
the  rated  capacity  of  the  tank  or  series  of  tanks.  In  case  a 
greater  amount  of  milk  is  supplied  than  this  rated  capacity 
of  the  feed  pan,  the  excess  will  pass  through  the  overflow 
pipe  that  leads  from  this  pan  through  the  outside  of  the  first 
tank.  With  this  device  it  is  therefore  impossible  to  supply 
the  milk  at  an  increased  rate  and  thereby  shorten  the  time 
at  which  it  is  intended  that  the  milk  shall  be  held. 

The  first  tank  in  such  a  series  helps  to  equalize  the  tem- 
perature so  that  there  is  little  variation  in  the  temperature  of 
milk  flowing  from  it  provided  the  tank  is  properly  protected. 
The  outflow  from  the  second,  third,  and  fourth  tanks  is  quite 
uniform  in  temperature  and  in  a  well  warmed  room  there 
js  comparatively  little  loss  of  heat.  This  is  well  illustrated 
by  the  following  observation : 

The  temperature  of  the  milk  discharged  from  the  first 
tank  when  the  heating  varied  from  141.44'*  to  144.32®  F.  was 
142.66*"  F.,  from  the  second  tank  140.54*"  F.,  from  the  third 
139.8*"  F.,  and  from  the  fourth  139.2**  F. ;  the  total  loss  of 
heat  in  the  last  three  tanks  being  only  3.46*"  F.  in  forty-five 
minutes. 
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Pathogenic  bacteria  used  in  determining  the  efficiency  of 
pasteurization. — The  cultures  used  to  test  the  efficiency  of 
pasteurization  in  our  work  were  the  following:  B.  diphtherias, 
B.  typhosus,  B.  tuberculosis  humanus,  and  B.  tuberculosis 
bovis.  In  each  of  the  four  runs  made,  one  hundred  gallons 
of  milk  were  inoculated  with  one  or  more  of  these  cultures. 

Milk  in  Runs  I.  and  II.  were  inoculated  with  B.  tuberculo- 
sis (human),  B.  diphtherias,  and  B.  typhosus. 

Milk  in  Runs  III.  and  IV.  were  inoculated  with  the  bovine 
variety  of  the  tubercle  bacillus. 

The  cultures  of  the  human  variety  of  B.  tuberculosis  were 
obtained  from  the  following  sources :  fifteen  glycerine  agar 
cultures  from  Dr.  Theobald  Smith,  eleven  potato  cultures 
from  Dr.  W.  H.  Park,  two  glycerin  agar  cultures  from  our 
own  laboratory.  Of  the  cultures  of  the  bovine  variety  of 
B.  tuberculosis,  seven  cultures  on  glycerine  agar  were  fur- 
nished by  Dr.  Smith,  seven  cultures  on  potato  by  Dr.  Park, 
six  cultures  on  glycerine  agar  by  our  own  laboratory, 
and  one  by  the  Bureau  of  Animal  Industry  at  Washington. 
Twenty-five  different  strains  of  B.  diphtherias  were  obtained 
from  Dr.  B.  L.  Arms,  Director  of  the  Bacteriological  Labora- 
tory of  the  Boston  Board  of  Health,  and  twenty-five  agar 
slants  of  various  strains  of  B.  typhosus  were  obtained  from  a 
number  of  different  sources.  The  cultures  were  uniformly 
suspended  in  salt  solution.  Approximately  the  same  amount 
of  culture  material  was  added  to  the  milk  for  Runs  I.  and  II. 
The  milk  for  Runs  III.  and  IV.  received  equal  amounts  of 
the  suspension  of  the  bovine  variety  of  B.  tuberculosis. 
The  suspension  in  each  case  was  well  mixed  with  the  milk  in 
the  tank  A. 

Methods  of  determining  the  efficiency  of  the  four  runs.  — 
The  efficiency  of  any  system  or  process  of  pasteurization 
should  be  judged  by  destruction  or  failure  to  destroy  the 
pathogenic  bacteria  in  milk.  Because  such  examinations  are 
time-consuming  they  cannot  always  be  resorted  to,  and  in  their 
place  the  percentage  reduction  in  the  number  of  bacteria  is 
ordinarily  taken  as  the  criterion  on  which  efficiency  is  based. 
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In  our  investigation  both  the  bacterial  reduction  and  destruc- 
tion of  certain  pathogenic  organisms  were  st-udied  and  are 
here  shown. 

I.  Bacterial  reduction.  —  Agar  plates  in  duplicate  were 
made  with  definite  quantities  of  milk  to  determine  the  num- 
ber of  bacteria  per  cubic  centimeter  in  the  milk  just  before 
and  after  pasteurizing.  The  results  obtained  from  the  four 
runs  are  as  follows : 

The  Number  of  Bacteria  per  Cubic  Centimeter  in  the  Milk  Before  and 
After  Pasteurization  —  Percentage  Reduction. 


Before  Pasteurizing. 

After  Pasteurizing. 

Efficiency. 

Ran. 

Individual 
Counts. 

Average. 

Individual 
Counts. 

Average. 

Percentage 
Reduction, 

I 

4,600,000 
2,600,000 

3,600,000 

500 
1,200 

850 

99.9% 

n 

6,700,000 
9,600,000 

8,650,000 

I9P0O 
17,000 

1,800 

99.9% 

Ill 

4300,000 
4,500,000 

4,400,000 

3.700 
9^00 

6,550 

99.8%.     Held 
20  minutes. 

1,200 
1,700 

1,450 

99.9%.     Held 
45  minutes. 

IV 

720,000 
840,000 

ySofioo 

3,600 
4,900 

4,250 

994% 

The  reduction  in  the  total  number  of  bacteria  was  marked 
in  each  trial,  better  in  fact  than  is  frequently  accomplished 
by  machines  pasteurizing  for  the  market,  and  according  to 
this  criterion  any  of  the  four  runs  should  have  been  efficient. 
That  this,  however,  was  not  the  case  is  shown  by  the  failure 
to  destroy  all  the  pathogenic  bacteria  in  some  of  the  test  runs. 

2.  Destruction  of  pathogenic  bacteria.  —  To  determine 
whether  the  pathogenic  microorganisms  have  been  killed  by 
the  process  of  pasteurization  is,  after  all,  the  crucial  test  — 
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for  this  represents  the  principal  legitimate  object  of  pasteuri- 
zation. In  the  four  tests  which  we  made  under  practical 
conditions  we  made  observations  with  the  bacillus  of  diph- 
theria, the  bacillus  of  typhoid  fever  and  tubercle  bacilli 
of  both  human  and  bovine  types.  In  each  run  these  organisms 
were  again  sought  for  in  the  pasteurized  milk  with  the  fol- 
lowing results  : 

(a.)  B.  diphtherial  —  The  tests  with  B.  diphtheriae  were 
carried  out  in  Runs  I.  and  II.  In  these  runs  pasteurization 
was  attempted  at  145®  F.  and  140®  F.  respectively.  It  should 
here  be  recalled  that  the  temperatures  attempted  were  not,  in 
fact,  attained. 

One  hundred  gallons  of  raw  milk  were  inoculated  with 
fresh  growths  from  twenty-five  different  strains  of  B.  diph- 
theriae on  Loeffler's  blood  serum.  The  surface  cultures  were 
suspended  in  salt  solution  and  then  thoroughly  mixed  in  the 
milk.  From  the  milk  thus  inoculated  two  hundred  cubic 
centimeters  were  centrifugalized  and  the  cream  and  sediment 
and  also  the  mixed  milk  were  examined  both  by  direct 
microscopic  and  also  by  cultural  methods.  Loeffler's  blood 
serum  and  also  human  blood  agar  were  the  culture  media 
used.  Similar  smears  and  cultures  were  made  from  the 
milk  after  pasteurization.  In  each  case  a  large  number  of 
cultures  were  prepared.  The  results  obtained  are  shown  in 
the  following  table : 

Run  I.  —  The  pasteurization  temperatures  noted  were  the  following : 
At  heater:     Highest,  1590  F.;  lowest,  1380  F.;  average,  150.80  F. 
At  tank:     Highest,  163.40  F.;  lowest,  123.20  F.;  average,  139.640  F. 
After  holding  20  minutes:     Highest,  149.0®  F. ;  lowest,  155.^  F.;  average, 
141. 940  F. 


Before  Pasteurization. 

After  Pasteurization. 

stain. 

Loeffler. 

Human 
Blood. 

Stain. 

Loeffler. 

Human 
Blood. 

Cream 

Occasional. 

+ 

+ 

— 

— 

— 

Sediment... 

Few. 

+ 

— 

— 

— 

Milk 

One  in  3  fields. 

+ 

— 

— 

— 

— 
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From  the  above  table  it  will  be  seen  that  diphtheria  bacilli 
were  killed  in  this  test  run. 


Run  II.  —  The  pasteurization  temperatures  were  the  following : 

At  heater:     Highest,  142®  F.;  lowest,  1350  F.;  average,  139.160  F. 
At  tank:     Highest,  143.60  F.;  lowest,  134.6°  F.;  average,  139.64®  F. 
After  holding  20  minutes :  Highest,  139.960  F.;  lowest,  128.3®  F.;  average, 
1 32.620  F. 


Before  Pasteurization. 

After  Pasteurization. 

Stain. 

Loeffler. 

Human 
Blood. 

SUln. 

Loeffler. 

Human 
Blood. 

Cream 

— 

+ 

+ 

— 

+ 

+ 

Sediment  .. 

Few. 

1 

Few. 

— 

— 

+ 

+ 

Milk One  in  3  fields. 

+ 

+ 

— 

+ 

+ 

From  the  above  table,  which  summarizes  the  results,  it 
will  be  seen  that  some  of  the  diphtheria  bacilli  survived. 
This  run  was  planned  at  140®  F.  for  twenty  minutes.  As  a 
matter  of  fact  the  temperature  was  considerably  less.  The 
results  obtained  clearly  show  the  defects  in  apparatus  of 
this  kind  under  the  conditions  of  the  experiment.  These 
conditions  represent  the  defects  which  are  found  in  machines 
of  this  type  during  the  first  five  or  seven  minutes  of  their 
operation.  It  further  emphasizes  the  necessity  for  a  liberal 
factor  of  safety,  in  both  temperature  and  time  of  holding. 

(d.)  B.  typhosus.  —  Tests  upon  B.  typhosus  were  deter- 
mined in  Runs  I.  and  II.  The  same  one  hundred  gallons  of 
milk  used  for  the  preceding  diphtheria  tests  were  also  inocu- 
lated with  B.  typhosus.  The  fresh  young  growth  upon  twenty- 
iive  tubes  of  slanted  agar  were  suspended  in  salt  solution  and 
thoroughly  mixed  in  the  milk.  Typhoid  colonies  were 
searched  for  both  before  and  after  pasteurization  by  cultural 
methods  from  two  hundred  cubic  centimeters  of  the  milk 
which  was  centrifugalized  for  this  purpose.     Both  the  cream 
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and  the  sediment,  as  well  as  the  whole  milk,  were  inoculated 
upon  the  surface  of  Petri  dishes  containing  Endo's  medium. 
These  plates  were  incubated  at  IJ^  C.  and  after  twenty-four 
and  forty-eight  hours  all  colonies  resembling  those  of  B. 
typhosus  were  transferred  to  Hiss'  semi-solid  medium; 
organisms  showing  motility  and  not  producing  gas  were 
tested  out  upon  differential  media,  and  finally  the  cultures 
were  tested  for  agglutination  with  a  specific  serum.  The 
results  obtained  are  shown  in  the  following  table : 


Run  I.  —  The  temperatures  noted  were  the  following; 

At  heater :     Highest,  159®  F. ;  lowest,  1380  F. ;  average,  150.8®  F. 
At  tank:     Highest,  163.4°  F. ;  lowest,  123.2°  F.;  average,  139.64°  F. 
After  holding  20  minutes:     Highest,  149°  F.;  lowest,  125.6°  F.;  average, 
141.94°  F. 


Before  Pasteurization. 

After  Pasteurization. 

Cream 

+ 

Sediment 

+ 

Milk 

+ 

It  will  be  seen  from  the  above  table  that  the  heating  was 
sufficient  to  kill  B.  typhosus  so  far  as  could  be  determined. 


Run  II.  —  The  temperatures  noted  were  the  following : 

At  heater:     Highest,  141°  F.;  lowest,  135°  F.;  average,  139.16°  F. 
At  tank:     Highest,  143.6°  F.;  lowest,  134.6°  F.;  average,  139.64°  F. 
After  holding  20  minutes:     Highest,  139.96°  F.;  lowest,  128.3°  ^-J  average, 
132.62°  F. 


Cream  , 


Sediment . 


Before  Pasteurization. 


After  Pasteurization. 


+ 


Milk. 


\ 

\ 
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From  the  above  table  it  will  be  seen  that  the  typhoid 
bacillus  survived  the  process  of  pasteurization  in  Run  II. 
Diphtheria  bacilli  also  survived  in  this  run.  Attention  is 
again  called  to  the  fact  that  although  the  experiment  was 
planned  at  140°  F.  for  twenty  minutes,  the  actual  tempera- 
ture fell  seriously  below  that  desired. 

(c.)  B.  tuberculosis.  —  In  addition  to  the  direct  micro- 
scopic examination  of  stained  smears  a  number  of  guinea-pigs 
were  injected  subcutaneously  with  the  cream  and  sediment 
obtained  from  the  raw  milk  The  cream  and  sediment  were 
obtained  by  centrifugalizing  two  hundred  cubic  centimeters 
of  a  representative  sample.  As  a  control  twenty-one  guinea- 
pigs  were  injected  subcutaneously  with  five  cubic  centimeters 
each  of  the  sediment  and  twenty-two  guinea-pigs  were 
injected  subcutaneously  with  five  cubic  centimeters  each  of 
the  cream,  obtained  from  the  raw  milk. 

Similar  tests  were  made  with  the  milk  after  pasteurization. 
Two  hundred  cubic  centimeters  were  centrifugalized  and 
twenty-nine  guinea-pigs  were  injected  subcutaneously  with 
five  cubic  centimeters  each  of  cream  and  twenty-eight 
guinea-pigs  were  injected  subcutaneously  with  five  cubic 
centimeters  each  of  sediment. 

As  a  further  control  of  the  virulence  of  the  cultures  used, 
ten  guinea-pigs  were  injected  subcutaneously  with  suspen- 
sions in  salt  solution.  These  suspensions  were  made  to 
approximate  as  closely  as  possible  the  number  of  tubercle 
bacilli  in  the  milk  tested ;  that  is,  one  suspension  contained 
approximately  two  tubercle  bacilli  of  the  human  type  to 
each  oil  immersion  field,  and  the  other  suspension  five 
tubercle  bacilli  of  the  bovine  variety  to  each  field. 

Some  of  the  guinea-pigs  died  of  acute  infections  and 
were  therefore  lost  so  far  as  the  object  of  our  experiments 
were  concerned.  Some  of  the  animals  died  of  generalized 
tuberculosis.  Those  that  did  not  die  were  tested  with  tuber- 
culin. All  the  animals  were  finally  autopsied  and  examined 
for  evidences  of  tuberculosis.  Smears  were  made  from  the 
various   organs   and    tissues,  and   histological   studies  were 
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undertaken  in  all  cases  in  which  the  diagnosis  was  doubtful. 
The  smears  were  stained  by  the  usual  method,  acid  and 
alcohol  being  used  to  decolorize.  The  organs  and  tissues 
for  histological  examination  were  fixed  in  Zenker's  fluid, 
imbedded  in  paraffin,  and  sections  stained  with  hematoxylin 
and  eosin. 

Realizing  that  the  heat  might  attenuate  the  tubercle 
bacilli  or  so  influence  them  as  to  give  atypical  lesions,  and 
further  realizing  that  the  presence  of  dead  bacilli  in  the 
tissues  might  complicate  the  situation,  secondary  guinea-pigs 
were  inoculated  with  material  from  doubtful  cases.  In  some 
instances  the  tissues  and  organs  from  these  secondary  pigs 
were  further  transferred  to  other  pigs. 

In  a  number  of  guinea-pigs  a  negative  diagnosis  of  tuber- 
culosis was  made  at  the  autopsy  despite  the  fact  that  acid  and 
alcohol-fast  bacilli  were  seen  in  the  smears  from  the  inguinal 
and  axillary  glands.  In  these  cases  the  glands,  as  well  as  other 
tissues  and  organs,  were  injected  into  secondary  guinea-pigs. 
In  addition  a  particularly  searching  histological  study  was 
made  of  such  glands  and  tissues.  The  fact  that  organisms 
resembling  tubercle  bacilli  were  found  in  the  superficial  lymph 
nodes,  but  further  tests  failed  to  disclose  evidence  of  tuber- 
culosis, was  interpreted  by  us  to  mean  that  dead  tubercle 
bacilli,  injected  subcutaneously  with  the  heated  milk,  were 
simply  caught  in  these  structures.  All  the  tests  were  not 
made  in  every  negative  case,  especially  if  there  were  positive 
pigs  in  the  same  series.  However,  all  the  tests  were  made 
in  every  case  in  which  the  series  was  negative  in  any  particu- 
lar run. 

On  the  other  hand,  some  guinea-pigs  in  which  no  particu- 
lar evidence  of  tuberculosis  could  be  seen  with  the  naked 
eye  at  autopsy,  were  further  tested  with  the  result  that  live 
tubercle  bacilli  were  demonstrated. 

In  brief,  the  results  obtained  with  tubercle  bacilli  may  be 
summarized  as  follows : 

I.  Controls  in  salt  solution.  —  All  of  the  guinea-pigs 
injected   with   the   suspension   of    the    human    and   bovine 
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variety  of  tubercle  bacilli  died  either  of  generalized  tuber- 
culosis or  died  after  an  injection  of  tuberculin.  All  the  con- 
trols showed  definite  evidences  of  tuberculosis.  The  culture 
material  used  was  therefore  virulent  for  guinea-pigs. 

2.  Controls  in  cream.  —  Twenty  of  the  twenty-nine 
guinea-pigs  injected  with  the  cream  died  of  mixed  infections 
and  therefore  were  lost  for  the  purpose  of  these  experiments. 
Nine  of  the  guinea-pigs  overcame  these  early  infections  and 
subsequently  developed  tuberculosis.  Some  of  them  died  of 
generalized  tuberculosis;  others  died  after  an  injection  of 
tuberculin.  Evidences  of  tuberculosis  were  demonstrated  in 
each  case. 

3.  Controls  in  sediment.  —  Twenty-eight  guinea-pigs  were 
injected  with  the  sediment  obtained  by  centrifugalization. 
Twelve  died  of  mixed  infections;  the  remaining  sixteen 
developed  definite  evidences  of  tuberculosis. 

It  is  of  interest  here  to  note  that  a  much  higher  percentage 
^f  the  animals  injected  with  the  cream  died  of  early  miyed 
'"fcctions  than  those  injected  with  the  sediment.  A  larger 
^niount  of  cream  than  sediment  was  injected  into  the  guinea- 
*^'^^"*- which  may  account  for  this  difference. 

4»    Results  of  the  heating  upon  the  tubercle  bacilli  in  the 
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SUMMARY  AND  CONCLUSIONS. 

To  the  sanitarian,  pasteurization  has  but  one  purpose  — 
the  destruction  of  pathogenic  microorganisms.  Biologically, 
the  problem  has  been  solved,  but  some  of  the  physical 
difficulties  remain.  It  is  not  a  simple  matter  to  heat  a 
large  volume  of  milk  to  a  definite  temperature  and  hold  it 
at  that  temperature  for  a  given  period  of  time. 

When  milk  flows  rapidly  over  a  steam-heated  surface  the 
milk  is  not  heated  uniformly.  Unequally  heated  milk  placed 
in  a  holding  tank  does  not  necessarily  mix  but  tends  to 
arrange  itself  in  layers.  Therefore,  milk  heated  rapidly  by 
passing  over  a  steam-heated  surface  should  be  equalized  by 
mixing  in  a  tank  before  it  goes  to  the  holding  tank.  In  most 
commercial  pasteurizers  the  heating  surface  is  too  limited, 
the  flow  too  rapid,  and  the  holding  tanks  either  too  small  or 
too  few  in  number  to  insure  uniform  and  trustworthy  results. 

We  undertook  tests  to  determine  the  effectiveness  of 
pasteurization  under  the  conditions  which  commonly  obtain 
in  commercial  practice.  The  tests  were  made  at  a  large 
dairy  plant  which  was  placed  at  our  disposal  just  before  it 
was  dismantled.  The  essential  parts  of  the  pasteurizing 
apparatus  consisted  of  a  heater  and  a  holding  tank. 

Four  separate  tests  were  made,  each  with  one  hundred 
gallons  of  milk. 

In  two  of  the  tests  it  was  planned  to  heat  the  milk  to  140** 
F.  and  in  the  other  two  tests  to  145**  F. 

The  temperature  attempted  was  not  attained.  It  is  difficult 
to  maintain  and  control  the  temperature  of  the  milk  when 
live  steam  is  used  as  the  heating  medium.  In  some  of  the 
runs  the  actual  temperature  at  times  fell  seriously  below  that 
desired  and  the  pathogenic  microorganisms  were  not  all 
killed.  In  the  first  test  the  milk  flowing  from  the  heater 
varied  as  much  as  21®  F. ;  more  reliable  records  obtained  at 
the  holding  tank  showed  a  variation  of  as  much  as  40.2®  F. 

In  the  first  test  in  which  it  was  attempted  to  pasteurize  the 
milk  at  145**  F.  some  of  the  milk  registered  only  123.2^  F. 

We  found  that  it  requires  about  seven  minutes  for  a 
pasteurizing  heater,  of  the  type  used,  to  settle  down  to  a 
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satisfactory  working  basis.  That  is,  an  automatically  con- 
trolled pasteurizer  does  not  heat  the  milk  uniformly  until  it 
has  been  running  at  least  seven  minutes.  The  difficulty  in 
regulating  the  temperature  at  the  beginning  of  a  run  has 
considerable  practical  importance.  In  practice,  pasteurization 
is  frequently  interrupted,  especially  when  milk  trains  are 
late,  and  in  such  cases  there  is  a  multiplication  of  irregularities 
each  time  the  process  is  started  anew.  Our  four  tests 
represented  the  conditions  at  their  worst ;  that  is,  they  are 
a  precise  parallel  of  the  irregularities  met  with  in  starting  a 
pasteurizing  plant.  We  therefore  recommend  that  milk 
which  is  pasteurized  during  the  first  ten  minutes  should  again 
be  run  through  the  heater. 

Obviously  a  thermometer  in  a  stream  of  flowing  milk 
gives,  within  certain  limits,  only  the  mean  temperature,  and 
fails  to  record  either  the  maximum  or  minimum  temperatures 
of  parts  of  the  milk  that  pass.  The  lag,  even  in  a  sensitive 
thermometer,  is  considerable.  We  have  found  that  the 
thermometers  sometimes  are  placed  in  dead  ends  of  pipe,  the 
bulb  does  not  project  sufficiently  into  the  milk  stream,  and 
that  other  sources  of  error  exist. 

In  a  deep  holding  tank  the  warmer  milk  rises.  The  coolest 
layer  at  the  bottom  may  be  the  portion  held  for  the  shortest 
period  of  time.  In  any  holding  device  the  time  should  be 
counted  from  the  moment  the  last  milk  reaches  the  holder. 
The  phenomenon  of  layering  was  so  pronounced  in  one  of 
our  tests  that  a  difference  of  13.4°  F.  was  observed  between 
the  top  and  bottom  layers.  We  realize  that  this  is  excep- 
tional and  that  such  a  great  difference  does  not  take  place 
after  the  heater  had  settled  down  to  a  continuous  working 
basis. 

Automatic  devices  for  thermo-regulation  should  be  care- 
fully tested  from  time  to  time  and  controlled  with  actual 
temperature  observations  of  the  milk  with  standard  ther- 
mometers. 

The  principal  legitimate  object  of  pasteurization  is  the 
destruction  of  pathogenic    microorganisms.     We   therefore 
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determined  the  efficiency  of  the  apparatus  with  microorgan- 
isms that  represent  the  most  frequent  and  the  most  serious 
causes  of  trouble  in  milk,  viz.,  tubercle,  typhoid,  and 
diphtheria. 

In  two  tests  with  B.  diphtherias  one  succeeded,  but  the 
other  failed  to  kill  all  these  bacilli  which  had  been  added  to 
the  milk. 

In  two  tests  with  B.  typhosus  one  succeeded,  but  the 
other  failed. 

In  two  tests  with  B.  tuberculosis  (human)  both  failed,  and 
in  two  tests  with  B.  tuberculosis  (bovine)  one  succeeded  and 
one  failed. 

Quantitative  determinations  of  the  number  of  typhoid, 
diphtheria,  and  tubercle  bacilli  that  may  have  been  killed 
were  not  made,  but  our  results  plainly  indicate  that  there  was 
a  quantitative  reduction  in  the  case  of  the  experiments  with 
tubercle  bacilli.  That  is,  in  the  tests  in  which  the  pasteuriza- 
tion failed  to  kill  tubercle  bacilli  it  was  evident  that  the  failure 
was  not  total  and  that  only  some  of  the  bacteria  survived. 
Fewer  of  the  guinea-pigs  that  were  injected  with  the  heated 
milk  developed  tuberculosis  than  the  control  pigs  injected 
with  equal  quantities  of  the  raw  milk.  Further,  the  tuber- 
culosis in  the  guinea-pigs  injected  with  heated  milk  was 
milder,  more  localized  and  more  atypical  than  in  the  control 
animals.  From  this  we  conclude  that  many  of  the  bacilli 
were  killed  or  attenuated  at  least. 

Nothing  in  our  experiments  throws  doubt  upon  the  ther- 
mal death  points  of  the  microorganisms  tested.  We  are 
sure  that  if  the  milk  reaches  140®  F.  and  is  held  there  for 
twenty  minutes  it  will  kill  tubercle,  typhoid,  and  diphtheria 
bacilli.  Our  experiments  show  that  milk  pasteurized  at  this 
temperature  for  the  specified  time  may  not  always,  in  prac- 
tice, reach  these  minimum  requirements.  It  is  therefore 
evident  that  a  liberal  factor  of  safety  is  necessary  in  the 
operation  of  this  type  of  pasteurizer  under  commercial 
conditions.  We  further  believe  that  the  process  should  not 
be  unduly  hurried,  for  this  increases  the  physical  difficulties 
of  uniformly  heating  all  portions  of  the  milk. 
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Perhaps  the  best  temperature  to  meet  practical  conditions 
is  145°  F.,  and  the  milk  should  be  held  at  this  temperature 
from  thirty  to  forty-five  minutes.  This  would  give  sufficient 
leeway.  If  the  pasteurizer  is  set  at  145**  F.  care  will  prob- 
ably be  taken  that  it  does  not  go  above  148®  F.,  on  account 
of  destroying  the  cream  line,  and  it  is  not  very  likely  that 
the  mixed  milk  in  the  holding  tank  would  drop  below 
140®  F.,  which  is  the  minimum. 

Our  observations  indicate  that  a  single  holding  tank  is  not 
as  trustworthy  as  two,  three,  or  four  in  series.  The  first  hold- 
ing tank  acts  as  an  equalizer  and  the  remaining  tanks  hold 
the  milk  at  a  uniform  temperature  for  a  definite  period  of 
time. 

Our  studies  again  emphasize  the  necessity  for  official 
control  over  all  pasteurizing  plants.  The  process  is  such  an 
important  public  health  measure  that  it  should  not  be  left  to 
the  caprice  of  the  individual.  When  pasteurizing  apparatus 
is  run  by  rule-of-thumb  methods  there  is  danger  of  under- 
heating  and  false  security.  It  is  surely  just  as  important  to 
standardize  and  guard  the  devices  controlling  the  tempera- 
ture of  pasteurizing  apparatus  as  it  is  to  watch  weights  and 
measures. 
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SOME    OBSERVATIONS    ON    THE    CULTIVATION     OF    TISSUES 

IN   VITRO.* 

G.  C  Weil. 

(  The  R,  B,  Mellon  Fellow  in  Pathology, ) 

{FVoM  ike  Pathological  Laboratortttt  University  of  Pittsburgh,) 

Through  the  work  of  Harrison  of  Yale,  who  demonstrated 
that  tissues  could  be  cultivated  in  media  outside  of  the  living 
body,  a  new  impetus  has  been  given  to  various  cytological 
studies.  In  his  early  work  Harrison  demonstrated  that  por- 
tions of  tissue  isolated  from  embryonic  nervous  structures 
could  be  grown  in  the  fluid  obtained  from  the  lymph  sac  of 
the  frog.  These  implanted  tissues  showed,  after  several 
days,  a  development  of  prolongations  from  the  isolated  cells 
into  the  surrounding  media.  The  cultures  were  prepared 
aseptically  upon  hanging-drop  slides.  Harrison  found  con- 
siderable difficulty  in  preventing  bacterial  infection  of  his 
cultures.  He  further  found  that  although  he  attempted  to 
deal  with  the  nervous  tissues  from  the  medullary  tube,  in 
some  cases  portions  of  other  tissues  were  also  included  in 
the  preparation.  This  transplantation  of  several  types  of 
tissue  led  to  some  difficulty  in  indicating  with  any  degree  of 
accuracy  the  type  of  cell  which  showed  proliferation  in  the 
prepared  cultures. 

The  study  of  this  material  was  confined,  in  the  greater 
part,  to  observations  made  upon  the  nervous  system.  He 
found  that  the  ordinary  histological  methods  of  dealing  with 
adult  tissues  were  inapplicable,  owing  to  the  extreme  delicacy 
of  the  structures.  For  these  reasons  it  was  not  possible  to 
carry  out  the  ordinary  staining  methods  which  are  applied 
in  the  examination  of  adult  tissues  for  the  differentiation  of 
particular  types  of  cells  or  fibrils.  Harrison  confined  his 
staining  methods  mainly  to  alcoholic  hematoxylin.  He 
found  much  difficulty  in  isolating  and  preserving  nerve  fibers 
which  had  developed  in  his  artificial  media. 

The  technic  of  Harrison  was  later  modified  by  Burrows  and 

*  Received  for  publication  Feb.  i6, 1913. 
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the  experiments  were  extended  to  other  animals.  Harrison 
found  that  the  lymph  from  the  frogs  was  not  a  very  suitable 
medium  to  work  with,  as  the  coagulation  of  this  fluid  was  not 
uniform.  At  times  the  lymph  formed  no  clot  or  was  much 
too  soft  to  be  easily  handled.  Burrows  was  able  to  substitute 
the  blood  plasma  of  frogs  /or  the  lymph.  Later  he  was  able 
to  carry  out  similar  experiments  in  using  the  plasma  of 
chickens  and  inoculating  this  with  the  tissues  from  embryonic 
chicks.  In  using  this  method  for  the  study  of  cell  growth  it 
was  easier  to  carry  out  the  aseptic  technic  than  was  possible 
with  the  frog  preparations. 

More  recently  this  work  has  been  still  further  extended  by 
the  experiments  of  Carrel  and  Burrows.  These  investiga- 
tions have  shown  that  by  using  a  homologous  plasma  various 
tissues  of  embryonic  and  adult  animals  can  be  cultivated 
with  fair  ease.  These  authors  claim  to  have  grown  connec- 
tive tissue,  cartilage,  peritoneum,  bone  marrow,  bone,  skin, 
cornea,  mucus  membrane  of  the  tongue,  thyroid  gland, 
spleen,  suprarenal  gland,  kidney,  pancreas,  testicle  and 
ovary  from  the  dog  and  cat.  At  a  later  date  they  have 
reported  the  successful  cultivation  of  human  and  fowl  sar- 
coma upon  the  homologous  plasma. 

In  the  variety  of  organs  from  which  authors  obtained 
growth  of  cells,  they  claim  they  have  observed  the  develop- 
ment of  structures  peculiar  to  these  organs,  such  as  tubules 
of  the  kidney.  These  authors  were  also  able  to  obtain 
several  generations  of  their  cultures  by  transferring  some  of 
the  material  under  cultivation  to  fresh  media.  They  have 
also  indicated  that  the  cultivated  tissue  from  fowl  sarcoma 
will  reproduce  the  tumor  when  inoculated  into  a  healthy 
chicken. 

Lambert  and  Hanes  have  used  the  method  of  cultivating 
tissue  in  vitro  for  studying  cytolysins  in  connection  with 
mouse  and  rat  sarcoma.  They  obtained  the  interesting 
result  that  the  mouse  sarcoma  grows  vigorously  in  the 
plasma  of  normal  rats,  and  that  rat  sarcoma  is  readily  cul- 
tivated in  the  plasma  of  normal  guinea-pigs.  These  studies 
indicate  the  important  facts  that  tissues  may  live  and  grow 
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in  heterologous  plasma.  This,  as  we  shall  point  out  later, 
has  been  our  own  finding,  in  that  we  were  able  to  cultivate 
guinea-pig  and  chick  tissues  in  human  plasma. 

The  development  of  these  methods  for  cultivating  tissues 
outside  of  the  body  suggests  the  solution  for  many  problems 
in  immunity  and  cytology.  However,  much  has  yet  to  be 
done  in  the  development  of  a  technic  by  which  certain  defi- 
nite and  recognized  tissues  may  be  segregated  and  individually 
planted  upon  media  without  the  intermingling  of  cells  of  a 
different  character.  Besides  this  a  new  histological  technic 
is  required  by  which  we  may  use,  with  some  security,  stains 
which  will  differentiate  recognized  tissues  in  the  embryonic 
state  which  do  not  take  the  microchemical  reaction  as  do  the 
adult  tissues.  It  is  found,  for  instance,  that  the  early  embry- 
onic connective  tissue  cells  do  not  show  fibers  by  the  selective 
staining  methods  as  do  the  fibroglia  of  the  adult  tissues. 

In  our  own  work,  to  be  described,  we  have  found  the 
greatest  difficulty,  not  in  the  cultivation  of  tissues  from  differ- 
ent organs,  but  in  the  determination  of  the  nature  of  the  cells 
which  are  reproduced.  As  is  recognized  by  histologists,  the 
differentiation  by  staining  methods  of  various  types  of  cells 
when  these  have  been  isolated  from  their  surrounding  struct- 
ures, from  other  cells  of  an  entirely  different  origin,  is 
extremely  difficult,  and  the  difficulty  increases  greatly  when 
we  are  dealing  with  the  differentiation  of  embryonic  or  actively 
growing  cells.  Up  to  the  present  a  definite  differentiation  of 
cultivated  tissues  has  not  been  made,  nor  have  the  various 
features  of  evolution  of  the  embryonic  cells  of  any  type  been 
followed  through  to  the  mature  stage  of  that  cell. 

Technic.  —  In  our  efforts  to  obtain  actively  growing  cult- 
ures we  have  found  certain  things  of  great  importance,  and 
in  order  to  obtain  the  best  results  certain  rules  of  technic 
must  be  closely  followed.  Strict  asepsis  during  the  manipu- 
lation as  mentioned  by  previous  writers  has  been  found 
essential.  While  not  producing  immediate  death,  yet  the 
presence  and  growth  of  bacteria  in  a  great  measure  retards 
and  limits  the  life  of  the  growing  culture.     Nevertheless  the 
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extent  of  harmful  action  depends  largely  upon  the  type  of 
tissue  and  nature  of  the  media  used.  In  guinea-pig  cultures 
we  have  found  that  various  infections  rapidly  terminate  the 
growth  of  the  culture,  while  infection  of  chick  tissue  in 
chicken  plasma  simply  retards  and  limits  the  growth. 
We  have  not  studied  the  nature  of  these  contaminating 
organisms. 

In  a  general  way  our  technic  for  preparing  and  inoculating 
media  with  living  tissues  differs  little  from  that  described  by 
others,  but  a  few  points  of  importance  in  this  respect  may 
be  worth  mentioning.  Tissues  which  are  planted  directly 
from  a  living  animal  or  immediately  after  the  death  of  the 
animal  give  the  best  results.  It  is  essential  to  transfer  these 
prepared  cultures  to  the  incubator  immediately  after  they 
have  been  made  and  under  these  conditions  evidence  of 
growth  is  obtained  in  one  and  a  half  hours.  It  has  also 
been  found  that  tissues  which  have  been  teased  from  larger 
masses  by  means  of  sharp  pointed  instruments,  just  at  the 
moment  of  inoculation,  show  a  greater  activity  and  respond 
more  rapidly  to  growth. 

For  various  purposes  of  experiment  and  observation  we 
have  selected  different  types  of  cultural  methods.  For 
observing,  from  time  to  time,  the  character  and  nature  of 
the  growing  tissues  on  the  warm  stage,  hanging-drop  prepa- 
rations have  proved  most  convenient,  while  these  preparations 
were  also  best  adapted  for  purposes  of  staining  and  study  of 
microchemical  reactions. 

In  order  to  observe  growing  cultures  macroscopically  and 
for  the  purpose  of  transplantation,  large  plate  cultures  have 
been  found  best  suited.  The  ordinary  petri  dishes,  heavily 
coated  about  their  margins  with  sterile  vaseline  or  paraffin,  are 
jnost  convenient  for  this  work.  In  this  way  considerable 
nourishment  may  be  provided  to  the  tissue,  and  under  proper 
conditions  a  very  luxuriant  growth  is  obtained.  The  new 
growth  may  easily  be  distinguished  by  the  naked  eye  in  the 
halo  effect  or  outer  translucent  margin  as  compared  with  the 
central  opaque  area  of  the  original  implanted  mass. 

In  our   selection    of    culture   media  we  have  found  that 
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different  types  of  tissue  grow  best  in  different  media.  As 
mentioned  by  Burrows  and  later  by  Lewis,  connective  tissues 
grow  best  in  the  homologous  plasma,  and  while  we  have 
observed  epithelial-like  cells  in  plasma  media  they  have 
been  found  to  grow  more  abundantly  in  an  agar  serum 
medium. 

In  using  plasma  media,  only  a  sufficient  amount  for  imme- 
diate use  is  prepared,  and  while  it  may  be  preserved  for 
some  time  in  a  liquid  state  at  a  low  degree  of  temperature  it 
was  found  that  the  longer  it  was  kept  the  more  did  it  inhibit 
active  growth.  In  order  to  simplify  our  technic  and  to 
secure  better  results,  fresh  serum  was  always  used.  The 
plasma  was  obtained  from  the  blood  of  various  animals  by 
withdrawing  a  sufficient  quantity  of  fluid  from  the  veins  by 
means  of  a  sterile  syringe.  This  process  was  carried  out 
under  all  aseptic  precautions  and  without  the  use  of  an 
anesthetic,  which  we  believe  would  interfere  with  the  quality 
of  the  serum. 

The  blood  thus  collected  is  received  in  paraffined  tubes 
and  chilled.  The  blood  is  then  rapidly  centrifugalized  with- 
out taking  any  particular  precautions  for  keeping  the  blood 
cool  other  than  that  the  centrifuge  be  in  a  cool  place.  With 
an  adequate  centrifuge  the  clear  plasma  may  be  collected 
within  two  minutes.  This  clear  fluid  is  then  transferred  by 
means  of  paraffin  tubes  into  containers  chilled  in  ice.  Such 
plasma  will  remain  fluid  for  hours  and  is  easily  handled  for 
the  purpose  of  making  cultures. 

It  is  always  well  to  have  on  hand  the  materials  and  instru- 
ments necessary  for  carrying  on  the  culture  before  the 
plasma  is  prepared.  The  plasma  is  then  handled  in  paraffin 
coated  pipettes  and  spread  upon  cover-slips  or  plates  upon 
which  the  culture  is  to  be  made.  The  plasma  which  is* 
placed  upon  the  cover-slips  will  usually  remain  fluid  for  a 
few  minutes,  and  should  be  immediately  inoculated  before 
the  fibrin  has  formed.  Thin  cultures  are  best  in  that  they 
afford  better  opportunities  for  staining  and  growing  the  cult- 
ures and  are  more  easily  examined  under  the  microscope. 

It  is  well  to   note  in  the  preparation  of  plasma  cultures 
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that  the  coagulation  time  in  different  species  varies  some- 
what, as  for  instance  guinea-pig  blood,  even  after  thoroughly 
chilling,  if  left  too  long  in  the  centrifuge,  will  develop  a  firm 
fibrin  clot,  while  on  the  other  hand  chicken  plasma  does  not 
show  this  tendency  towards  rapid  clotting. 

Serum  collected  in  the  ordinary  way  has  also  been  used, 
but  with  only  fair  success.  It  was  found  that  better  results 
were  obtained  when  the  fibrin  was  present  in  the  culture 
media.  Probably  the  fibrin  assists  the  growth  in  presenting 
a  framework  upon  which  the  cells  may  develop,  as  well  as 
affording  useful  nutriment  when  it  is  dissolved  by  the  pro- 
teolytic ferment.  In  fluid  serum  fair  growths  of  connective 
tissue  were  obtained,  and  these  were  always  observed  to  be 
attached  to  the  surface  of  the  cover-slip. 

Serum  agar  cultures  were  also  prepared,  one  per  cent  plain 
agar  was  prepared  with  tap  water  without  the  addition  of 
bouillon.  This  was  put  up  in  small  tubes  and  when  required 
was  melted  and  again  cooled  to  40®  C,  when  blood  serum 
was  added  in  varying  dilutions.  The  best  results  were 
obtained  when  the  serum  and  agar  were  mixed  in  the  pro- 
portions of  two  to  one  or  three  to  one.  In  this  medium  was 
observed  a  luxuriant  growth  of  not  only  connective  tissue 
fibrils  but  also  epithelial- like  cells.  Bouillon  was  later  added 
in  various  strengths  to  this  serum  agar  mixture  but  with  no 
distinct  advantage.  Carrel  and  Burrows  were  unable  to 
obtain  cultures  on  any  serum  media. 

Staining.  —  The  main  difficulty  which  confronts  the 
observer,  after  he  has  been  successful  in  obtaining  growths 
in  his  artificial  media,  is  to  apply  a  proper  technic  so  that 
his  cultures  may  be  studied  at  leisure  and  that  they  may  be 
kept  for  future  reference  and  comparison.  We  have  found 
that  for  the  closer  observation  of  cell  structure  it  was  best  to 
stop  the  growth  at  the  end  of  five  days,  before  the  degenera- 
tive changes  altered  the  character  of  the  cells.  It  was  not 
uncommonly  found  that  after  six  days  there  were  various 
types  of  granules  and  globules  within  the  cells,  which,  as  we 
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will  indicate  later,  are  an  evidence  of  a  lowering  of  the  cell 
vitality. 

Moreover,  it  is  very  necessary  to  obtain  suitable  methods 
by  which  a  staining  technic  could  be  applied  to  differentiate 
cells  of  different  orders.  As  has  been  reported  by  other 
observers  it  is  impossible  to  observe  mitosis  of  cells  in  the 
living  cultures.  We  have  on  repeated  occasions  closely 
watched  the  indefinite  nucleus,  but  were  never  able  to  observe 
any  arrangement  of  the  chromatin  filaments.  That  nriitosis 
occurs  is  only  to  be  indicated  in  stained  preparations. 

It  is  also  to  be  noted  that  the  cells  developing  in  cultures 
react  somewhat  differently  from  the  adult  tissues  in  the 
animal  body.  It  was  commonly  observed  that  in  cultures 
where  the  connective  tissue  had  been  most  active  in  pro- 
liferating and  in  which  the  general  appearance  of  the  cells 
and  the  arrangement  indicated  a  connective  tissue  character 
of  the  structure,  we  were  unable  to  get  the  differential  stain- 
ing reactions  for  connective  tissue  fibrils.  At  times  these 
fibrils  were  wanting  and  the  cells  possessed  only  coarse 
protoplasmic  processes. 

In  general  we  have  found  that  formalin  fixation  was  the 
best.  The  small  hanging-drop  preparation  was  immersed  in 
five  per  cent  formalin  and  allowed  to  fix  for  about  an  hour. 
It  was  then  washed  in  water  and  various  stains  were  applied. 
We  have  also  used  the  Zenker  fixation,  but  this  was  not  so 
uniformly  successful.  Precipitation  of  the  chrome  and 
mercurial  salts  upon  the  fibrin  threads  gave  much  difficulty 
in  later  removal  and  treatment.  Moreover,  the  formalin 
prepared  material  permitted  the  demonstration  of  fat 
deposits,  which  were  not  as  well  indicated  in  the  Zenker 
specimens.  However,  for  special  stains  the  latter  method 
was  always  used.  In  the  majority  of  cases  we  applied  the 
stain  directly  to  the  culture.  It  is  found  that  much  better 
results  were  obtained  where  the  culture  was  made  on  a  thin 
medium  so  that  the  entire  mass  could  be  stained.  This 
avoided  the  subsequent  cutting  on  the  microtome.  Where 
serial  sections  were  made  from  paraffin  blocks  we  found  that 
great   alteration  of  the    newly  developed  cells   took  place. 
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The  delicate  protoplasm  of  these  growing  cells  undergoes 
much  shrinkage  when  put  through  the  usual  imbedding 
methods  for  paraffin,  and  the  staining  qualities  are  also  con- 
siderably altered.  Sudan  III.  and  hematoxylin  have  formed 
a  most  useful  method.  Besides  this,  Van  Gieson's  connective 
tissue  stain  was  useful  in  demonstrating  fibrils  of  the  more 
mature  connective  tissue  cells.  Mallory's  connective  tissue 
stain  was  tried  in  the  Zenker  material  but  gave  no  result  on 
account  of  the  fibrinous  medium.  Eosin-methylene  blue 
gave  fair  results. 

As  a  considerable  part  of  the  newly  developing  cells 
grows  between  the  coagulated  hanging-drop  of  plasma  and 
the  cover-slip,  there  was  no  difficulty  in  studying  the  stained 
preparations  with  the  highest  powers  of  the  microscope. 
Particularly  was  this  true  when  the  culture  was  made  in  a 
very  thin  layer  of  plasma.  Such  a  stained  and  prepared 
culture  may  be  permanently  mounted  by  means  of  Farrant*s 
solution  without  exposing  the  section  to  alcohol  or  xylol. 

As  mentioned  by  Carrel  and  Burrows  successful  attempts 
at  transplantation  of  growing  cultures  have  been  made  and 
some  importance  is  laid  on  the  fact  that  the  new  growth 
resulting  from  such  a  transplantation  is  somewhat  different 
from  that  of  the  original  mass  of  growing  cells,  in  that  the 
arrangement  of  the  cells  with  their  processes  is  not  as  com- 
pact as  in  the  original  growth.  The  new  cell  formations 
have  become  larger  in  size  and  contain  many  fat  globules. 
We  have  found  that  the  actual  transference  of  growing  tis- 
sue can  best  be  accomplished  by  plate  culture  where  the 
growth  can  be  readily  distinguished  by  the  naked  eye  and 
the  danger  of  planting  cells  from  the  original  mass  is 
avoided.  Best  results  are  obtained  in  transplanting  from 
two-day-old  cultures  while  the  tissues  are  in  an  actively 
proliferating  state. 

We  have  found  that  cultures  once  showing  evidence  of 
growth  can  be  safely  examined  from  time  to  time  for  about 
four  minutes  in  a  room  at  a  temperature  of  28^  to  32*^  C. 
without  endangering  the  life  of  the  growth. 
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RESULTS   OBSERVED    DURING  THE   GROWTH    OF    DIFFERENT 

TISSUES. 

Connective  tissue.  —  This  type  of  tissue  grew  most 
abundantly  and  showed  evidence  of  growth  in  the  cultures 
of  all  the  various  tissues  planted.  On  one  occasion  we  have 
observed  a  growth  twice  the  size  of  the  original  mass  in 
three  hours.  Connective  tissue  shows  an  earlier  attempt  at 
growth  than  any  other  type  of  tissue  and  in  the  average 
drop  of  plasma  growth  usually  lasts  from  fifteen  to  twenty 
days.  This  type  of  cell  usually  assumes  a  spindle  shape  and 
usually  a  radial  arrangement  from  the  implanted  mass,  and 
as  the  growth  extends  into  the  surrounding  fields  of  media 
the  fibrillar  processes  as  well  as  cell  bodies  and  nuclei 
become  lengthened.  The  arrangement  of  these  growing 
cells  are  in  the  direction  of  the  fibrin  threads  in  the  plasma, 
to  which  they  cling  for  support.  Later,  as  the  growth 
extends  into  the  media,  the  cells  form  a  network  causing  the 
protoplasm  of  the  cells  to  become  distorted  into  many 
shapes  and  forms,  so  as  to  assume,  in  some  cells,  the  appear- 
ance of  typical  nerve  cells.  Many  cells  are  connected  to 
others  by  means  of  these  fibrillar  processes,  some  having  as 
many  as  six  to  eight  limbs.  After  four  or  five  days*  growth 
we  have  frequently  observed  a  few  cells  to  wander  beyond 
the  growing  area  and  become  separated  from  the  general 
mass  of  growing  cells.  These  segregated  cells  have  been 
found  to  be  more  round  or  oval  in  shape,  their  processes 
gradually  becoming  shorter  and  the  entire  cell  body  much 
larger  than  those  cells  from  which  they  have  been  derived. 
The  nuclei  of  these  cells  also  assume  a  round  or  oval  shape, 
slightly  granular  and  very  sharply  outlined,  while  in  the 
protoplasm  of  the  cells  many  fine  and  a  few  large  granules 
appear. 

In  every  growing  culture  of  connective  tissue  we  have 
observed,  after  four  days,  the  appearance  of  fine  granules 
arising  about  the  nuclei.  Later  these  become  larger  and 
fewer  in  number,  some  apparently  coalescing  with  others 
and  extending   into  the  fibrillar  processes.     These  granules 
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are  readily  demonstrated  to  be  fat  globules  by  applying 
Sudan  III.  Such  granules  and  globules  are  found  only  in 
tissues  which  are  actually  growing  or  at  least  carrying  on  an 
active  metabolism  in  the  medium.  When  once  the  culture 
begins  to  degenerate  the  outline  of  the  cells  becomes  very 
indistinct,  the  protoplasm  granular  or  containing  vacuoles, 
and  the  nuclei  lose  their  prominence  and  become  fragmented. 

Many  cells,  especially  those  which  are  embryonic  in  type, 
not  infrequently  have  two  or  more  nuclei,  but  few  nuclear 
figures  were  observed. 

It  has  been  our  repeated  observation  that  mitotic  figures 
are  not  as  commonly  present  as  might  be  expected.  In 
examining  cultures  at  various  periods,  from  those  only  a  few 
hours  old  to  those  which  had  grown  for  some  days,  we  were 
much  astonished  that  although  there  was  an  unquestionable 
increase  in  the  number  of  cells  in  the  media,  only  rarely 
were  nuclear  figures  present.  We  have  repeatedly  observed 
that  the  nuclei  of  the  cells  showed  stages  simulating  closely 
a  process  of  amitosis,  some  nuclei  showed  bilateral  indenta- 
tions like  the  figure  of  eight,  others  were  lying  side  by 
side  with  only  a  short  link  of  nuclear  material  between  them, 
while  again  many  cells  were  observed  with  two  distinct 
nuclei  lying  close  to  each  other.  It  should  be  pointed  out 
that  in  the  older  cultures  and  more  particularly  in  the  mass 
of  the  implanted  cells,  various  nuclear  changes  indicating 
degeneration  and  fragmentation  are  found ;  these,  however, 
differ  much  from  the  character  of  the  nuclei  seen  in  the 
growing  cells. 

The  protoplasm  of  the  young  cells  is  clear  and  almost 
homogeneous ;  there  are  no  granules  save  the  appearance  of 
a  very  fine  stippling.  No  structure  can  be  made  out  in  the 
protoplasmic  body. 

As  has  been  pointed  out  by  Carrel  and  Burrows,  the  grow- 
ing cells  of  connective  tissues  commonly  have  a  radial 
arrangement.  This  arrangement  is  mainly  determined  by 
the  direction  of  the  fibrin  threads  along  which  they  grow. 
In  an  active  growing  culture  of  connective  tissue  there  is 
commonly  found  a  development  of  a  clear  area  like  a  halo 
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surrounding  the  original  mass.  This  halo  develops  with  the 
increase  of  the  growing  cells,  and  probably  is  the  result  of  a 
lytic  substance  acting  upon  the  formed  fibrin.  It  is  probable 
that  a  part  of  the  ferment  acting  upon  the  fibrin  is  derived 
from  the  dead  cells  or  the  cells  undergoing  destruction  in 
the  original  implanted  mass.  Commonly  the  liquefaction  of 
the  medium  takes  place  at  a  later  period  than  the  produc- 
tion of  much  of  the  new  growth.  We  must  say,  however, 
that  in  no  case  have  we  observed  the  development  of  the 
circumscribed  destruction  of  fibrin  in  preparations  showing 
no  growth  of  the  implanted  tissue.  When  the  area  of  lique- 
faction is  well  advanced,  the  connective  tissue  cells  continue 
to  grow  towards  the  periphery,  but  not  with  the  same  definite 
arrangement  as  the  early  cells  growing  along  the  fibrin 
threads.  When  the  cells  reach  the  border  of  the  liquefied 
area  they  tend  to  grow  along  it  so  as  to  form  a  new  zone  or 
**  shore  line,"  encircling  the  liquid  medium. 

The  morphology  of  the  growing  connective  tissue  cells 
differs  very  widely  from  those  of  the  adult  animal.  Never- 
theless the  character  of  the  growing  cells  is  fairly  constant 
even  when  obtained  from  different  animals  (chick  and  guinea- 
pig).  On  morphological  grounds  alone  it  was  often  difficult 
to  be  convinced  that  the  cells  were  of  connective  tissue 
origin.  The  early  development  of  the  cells  from  the 
implanted  tissue  showed  mainly  spindle  types,  having  a 
fairly  large  body  and  ending  at  both  extremities  in  fine  fila- 
ments which  were  attached  to  the  succeeding  cell.  At  times, 
also,  filaments  extended  from  both  poles  to  cells  which  lay 
laterally.  These  filaments  formed  definite  attachments  to 
those  cells  which  presented  the  progeny  or  the  parent.  In 
this  way  the  chain  or  chains  of  cells  arising  from  a  single 
unit  could  be  followed.  In  this  way,  too,  many  cells  though 
morphologically  different  from  other  cells  in  the  chain  could 
be  recognized  as  belonging  to  a  certain  type. 

Similar  to  the  observations  made  by  Harrison  upon  nerve 
cells,  we  are  led  to  believe  that  the  large  processes  and  fibrils 
of  connective  tissue  are  formed  by  the  drawing  apart  of 
two   cells  which  were  first  joined   by   heavy   protoplasmic 
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processes.  Thus  in  the  growth  of  new  cells  the  progeny 
wander  away  from  the  parent,  but  still  remain  attached  by 
linking  fibers. 

Not  infrequently  the  cells  lying  more  peripherally  formed 
large  syncytial  masses  with  large  filaments  and  several  nuclei. 
Again  others  were  observed  with  a  more  spherical  body 
having  one  or  two  large  protoplasmic  offshoots  and  smaller 
thread-like  filaments.  Morphologically  these  resembled  nerve 
cells  but  did  not  contain  granules  in  their  protoplasm. 

In  the  multiplication  of  some  cells  long  ribbon-like  pro- 
cesses are  produced  which  sometimes  end  in  oval  masses  or 
islands  of  cells  which  are  closely  apposed  to  each  other. 
The  individual  elements  of  these  islands  are  more  or  less 
circular  without  evidence  of  fibril  production. 

In  the  older  cells  (over  ten  days'  growth)  it  was  possible 
to  obtain  the  reaction  for  connective  tissue  fibrils  by  the 
Van  Giesen  stain.  By  this  method  it  was  found  that  the  cell 
processes  stained  uniformly,  and  did  not  show  the  presence 
of  multiple  fibers.  There  was  no  evidence  that  the  cells 
produced  more  than  one  fiber  in  each  prolongation,  but  at 
the  same  time  a  single  cell  could  produce  many  processes 
from  its  periphery.  By  the  traction  of  several  attached 
cells,  in  the  same  direction,  a  number  of  the  fibers  may 
become  arranged  in  closely  aggregated  bundles  looking  like 
a  single  process.  We  were  unable  to  obtain  results  with 
Mallory*s  stain. 

As  was  observed  above,  the  young  growing  cells  are 
devoid  of  granules  in  their  protoplasm.  As,  however,  these 
cells  become  older,  granules  appear  occupying  the  cell 
immediately  about  the  nucleus.  Later,  similar  granules  are 
found  extending  into  the  processes  and  much  of  the  cyto- 
plasm is  filled  with  bright  refractile  bodies.  Similar  bodies 
have  been  described  by  Carrel  and  Burrows.  In  the  culti- 
vation of  tissues  these  granules  indicate  degenerative  changes 
in  the  cell  and  are  found  to  consist  of  fat.  Beautiful  prepa- 
rations may  be  obtained  by  staining  these  tissues  with  Sudan 
and  hematoxylin.  That  these  granules  indicate  a  process 
of  degeneration  and  are  dependent  upon  an  altered  condition 
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of  the  foodstuffs  is  shown  by  their  early  appearance  in 
the  cells  close  to  the  original  mass  which  was  inoculated. 
The  peripheral  cells  are  usually  last  to  show  this  fatty 
degeneration. 

An  interesting  question  arises  as  to  the  origin  of  this  fat. 
From  our  observations  we  would  conclude  that  it  is  derived 
from  the  presence  of  invisible  fatty  compounds  contained  in 
the  plasma.  The  quantity  of  fat  which  becomes  visible  in 
these  cells  is,  however,  very  remarkable.  A  small  quantity 
may  also  be  derived  from  the  destruction  of  some  of  the 
originally  implanted  cells.  We  have  found,  however,  that 
the  total  fat  is  not  obtained  from  this  source,  as  in  those 
cultures  which  did  not  grow  no  considerable  quantity  of  fat 
became  apparent,  either  in  the  medium  or  in  the  dead  cells 
which  had  been  introduced. 

The  fat  in  the  connective  tissue  cells  first  appears  in  fine 
globules  which  later  coalesce  to  form  single  or  multiple  large 
globules.  We  have  never  observed  the  accumulation  of  fat 
in  these  cells  to  simulate  all  characters  of  a  true  fat  cell. 
Moreover,  fat  in  any  quantity  was  never  observed  to  accumu- 
late in  dead  cells,  though  these  may  sometimes  show  the 
presence  of  very  minute  Sudan  staining  granules. 

In  a  few  instances  we  have  observed  the  presence  of  cells 
of  a  signet-ring  character  closely  resembling  true  fat  cells. 
These,  however,  were  not  connected  with  the  cells  of  the 
fibrous  tissue  type,  and  of  their  origin  we  cannot  definitely 
speak. 

Transplantations  are  quite  readily  made  from  actively 
growing  cultures  to  fresh  media,  and  by  careful  preparation 
successive  transplantations  could  be  carried  on  for  many 
generations.  In  the  new  cultures  just  prepared  active  growth 
took  place  within  an  hour  after  inoculation.  The  morphol- 
ogy of  the  cells  and  the  growth  is  found  to  be  similar  to  that 
of  the  original  culture,  except  that  the  individual  cell  bodies 
appeared  larger  and  the  arrangement  of  the  colonies  was 
looser.  Fat  also  appeared  in  these  cultures  after  the  fifth 
day. 

Connective  tissues  grow  fairly  well  in  alien  plasma.     Upon 
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inoculating  human  plasma  with  embryonic  chick  tissues,  we 
obtained  a  rapid  formation  of  fibrin  radiating  in  very  thick 
and  heavy  layers  from  the  original  mass  of  tissue.  Actual 
growth  did  not  appear  until  seventy-two  to  eighty-four  hours 
after  inoculation,  after  which  time  the  connective  tissue  cells 
grew  to  the  extent  of  twice  the  radius  of  original  mass  in 
forty-eight  hours,  and  then  gradually  ceased  growing,  becom- 
ing granular.  Upon  staining  this  growth  the  cells  were 
found  very  indistinct,  owing  to  the  granular  condition  of  •the 
media  which  produced  a  cloudy  appearance  of  the  field. 
This  cloudy  condition  of  the  media  was  still  more  marked  in 
human  plasma  inoculated  with  guinea-pig  tissue. 

Liver  tissue.  —  Cultures  of  liver  tissue  were  obtained  with 
fair  success.  Occasionally  connective  tissue  fibers  were  the 
first  to  grow  and  appeared  in  the  early  hours  of  the  culture. 
The  growth  of  the  cells  from  the  parenchyma  began  later, 
usually  not  before  forty-eight  to  seventy-two  hours  after  incu- 
bation. When  the  growth  of  the  liver  cells  once  began  they 
continued  to  increase  and  became  widely  scattered  in  the 
media  at  some  distance  from  the  original  mass. 

The  liquefaction  of  the  media  about  the  growing  liver 
tissue  was  commonly  observed,  and  it  was  in  this  fluid 
medium  that  the  greater  number  of  new  liver  cells  were  to 
be  found.  In  all  the  cultures  of  liver  it  appeared  that  the 
growth  of  connective  tissue  fibers  and  that  of  liver  cells  was 
quite  independent.  In  no  case  did  the  liver  cells  arrange 
themselves  in  any  particular  system  along  the  fibrous  tissue. 

These  liver  cells  were  of  a  fairly  constant  shape  and  of  a 
uniform  size.  They  appeared  spherical  and  were  much 
larger  than  the  cells  of  the  parenchyma  which  were  intro- 
duced into  the  medium.  The  nucleus  was  usually  centrally 
placed,  but  as  the  cells  grew  older  the  nuclei  became  eccentric 
and  in  the  later  stages  of  degeneration  were  even  peripher- 
ally placed.  The  nuclei  were  fairly  large  and  distinct.  The 
protoplasm  was  clear  and  without  granules  until  in  the  stages 
of  degeneration  globules  of  fat  of  various  size  began  to  appear. 
In  cultures  ten  to  twelve  days  old  great  numbers  of  small 
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and  large  globules  appeared  in  the  protoplasm  and  gave  the 
usual  reaction  for  fat  with  Sudan.  In  observing  the  develop- 
ment of  these  fat  granules  it  appeared  as  if  some  of  them 
coalesced  to  form  the  larger  globules. 

In  no  case  did  these  cells  show  the  development  of  fibrils 
or  protoplasmic  processes.  Other  investigators  have  claimed 
to  have  observed  the  development  of  columns  of  liver  cells 
growing  from  the  original  mass  of  liver  tissue.  This  we  have 
failed  to  observe  in  our  cultures,  save  that  in  some  instances 
small  projections  of  cells  were  seen  jutting  out  from  the  tissue 
implanted,  but  in  all  probability  representing  some  of  the 
original  tissue.  These  projections  could  not  be  distinguished 
as  growing  cells  and  the  accumulation  of  fat  granules  was 
different  from  that  in  the  observed  growing  cells.  That  one 
docs  occasionally  observe  liver  cells  lying  side  by  side  is 
obvious,  but  such  an  arrangement  is  quite  different  from  that 
of  a  liver  column. 

Similar  difficulties  present  themselves  in  the  recognition 
of  growing  liver  cells  as  differentiated  from  other  types  of 
tissue.  Although  the  cells  were  morphologically  in  relative 
size,  shape,  and  arrangement,  and  in  the  character  of  the  fat 
globules  present,  similar  to  liver  cells  in  the  adult  body,  the 
actual  microchemical  proof  of  their  nature  was  not  forth- 
coming. We  had  hoped  that  by  the  introduction  of  hemo- 
globin into  the  culture  medium  we  could  obtain  some 
reaction  in  the  medium  indicative  of  liver  cells,  but  our 
results  proved  negative.  There  was  no  evidence  that  the 
liver  cells  growing  as  isolated  units  in  a  hemoglobin  medium 
could  make  use  of  this  material. 

Kidney  tissue.  —  Our  results  in  the  cultivation  of  kidney 
tissue  have  not  been  uniform.  The  character  of  the  growth 
resembled  to  some  extent  the  results  obtained  in  the  cultures 
of  liver  tissue.  In  the  cases  where  growth  was  observed  the 
development  of  the  radially  arranged  connective  tissue  fibers 
preceded  the  evidence  of  proliferation  from  the  parenchyma. 
The  parenchymatous  cells  developed  as  individual  or  isolated 
clusters  of  round    cells  in  the  clear  medium   beyond   the 
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implanted  tissue.  The  individual  cells  were  smaller  than 
those  of  the  liver  and  the  protoplasm  was  finely  granular. 
There  was  no  great  tendency  on  the  part  of  these  cells  to 
accumulate  fat,  and  the  granules  which  did  develop  remained 
quite  small.  The  individual  cells  showed  little  tendency  to 
remain  associated  with  others  of  the  same  kind,  and  we  never 
observed  any  relationship  in  the  arrangement  of  the  paren- 
chymatous cells  with  those  of  connective  tissue  origin. 

Occasionally  tubules  were  observed  along  the  margin  of 
the  implanted  kidney  substance.  These  tubules  we  believe 
were  structures  which  had  become  loosened  from  the  edema- 
tous implanted  tissues,  giving  an  appearance  of  growing 
tubules.  In  no  instance  has  a  tubular  formation  been 
observed  in  cells  quite  free  from  the  original  tissues. 

Spleen  tissues.  —  Very  fair  results  were  obtained  in  cult- 
ures of  spleen  both  upon  a  plasma  and  a  serum  medium. 
These  cultures  showed  the  development  of  great  numbers  of 
round    cells  varying  in   size.     Not   infrequently  these  cells 
formed  masses  or  clumps  of  cells  in  the  clear  medium  and  in 
this  way  there  were  developed  new  foci  from  which  active 
growth  took  place.     The  majority  of  the  cells  were  of  the 
size  and  appearance  of  large  and  small  lymphocytes.     The 
nuclei  were  round,  sharply  outlined,  and  stained   intensely. 
There  was  no  evidence  of  the  production  of  fibrils,  and  the 
cells  even  in  the  older  cultures  showed  no  tendency  for  the 
accumulation  of  fat.     In  the  majority  of  cultures  from  this 
organ  there  was  a  development  of  connective  tissue.     This 
tissue  had  the  characters  as  previously  described  and  showed 
the  accumulation  of  fat  in  its  protoplasm. 

Muscle  tissue.  —  In  many  cultures  of  heart  muscle,  cells 
were  found  to  migrate  into  the  surrounding  medium  from 
the  original  mass  but  without  evidence  of  growth,  while  the 
supporting  connective  tissue  grew  quite  abundantly.  In  a 
few  instances  the  development  of  large  syncytial  branched 
cells  having  multiple  oval  and  parallel  arranged  nuclei  was 
observed.     Such    cells    had    the    appearance  of  teased  out 
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heart  muscle,  but  the  protoplasm  was  of  a  more  translucent 
character.  In  the  early  cultures  there  was  no  evidence  of 
granules  or  globules  in  the  cells.  Later  a  few  small  globules 
appeared  in  the  protoplasm.  The  further  growth  of  these 
cells  was  one  of  increasing  the  size  of  the  syncytial  mass  or 
at  times  the  development  of  new  protoplasmic  processes. 
No  fibrils  simulating  those  of  connective  tissue  were 
observed  in  these  syncytial  structures  and  the  tissues  stained 
yellow  with  Van  Giesen. 

Burrows  has  previously  obtained  successful  cultures  from 
heart  muscle  and  claims  to  have  noted  the  rhythmical  con- 
traction of  these  newly  developed  cells.  This  has  not 
occurred  in  our  cultures,  although  the  implanted  portions 
continued  to  beat  for  some  time. 

In  the  heart  muscle  cells  which  we  believe  were  growing 
there  is  no  evidence  of  transverse  striations.  It  is  therefore 
with  some  doubt  that  we  mention  these  cells  as  definite 
muscle  tissue.  With,  however,  the  difference  in  the  morpho- 
logical characters  and  in  the  staining  qualities  from  the  other 
connective  tissues  which  we  had  observed,  we  were  fairly 
convinced  of  the  muscle  origin  of  these  cells. 

It  is  to  be  noted  that  not  uncommonly  a  number  of 
striped  muscle  elements  migrate  from  the  original  tissues  at 
some  distance  from  the  culture  and  undergo  degeneration 
without  proliferation  in  the  medium.  These  cells  are  not  to 
be  mistaken  for  the  growing  elements  of  successful  cultures. 

Epithelial  tissues.  —  As  previously  stated  the  surface  epi- 
thelial tissues  were  found  to  grow  more  rapidly  and  abund- 
antly in  a  serum  agar  medium.  Where  the  growth  of  the 
epithelial  tissues  predominates  over  the  growth  of  connective 
tissue  arising  from  adherent  masses  of  corium,  the  cells  take 
a  radiating  arrangement  from  the  original  mass  and  grow  in 
several  planes.  The  majority  of  these  cells  present  an  oval 
appearance,  some  containing  one,  others  two  nuclei  and 
have  a  fairly  clear  protoplasm.  Other  cells  are  distorted 
into  many  shapes  and  forms  and  are  of  various  sizes,  as  if 
in  a  process  of  division.     The  cells  lying  in  the  periphery  of 
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the  culture  are  usually  individual  or  in  pairs,  and  contain 
fine  fat  globules,  while  those  about  the  margin  of  the 
implanted  mass  show  a  great  accumulation  of  fat  in  the 
protoplasm  of  the  cell. 

In  these  cultures  of  skin  tissue  we  have  not  observed  any 
chemotatic  attraction  between  the  connective  tissues  and 
epithelial  cells.  Each  type  of  tissue  appears  to  grow 
independently  of  the  other. 

In  only  one  instance  did  we  find  that  the  epithelial  cells 
took  an  arrangement  to  the  growing  connective  tissue.  In 
this  case  the  connective  tissues  which  grew  abundantly 
formed  a  well  developed  membrane  about  the  liquefied  area 
of  the  plasma,  while  epithelial  cells  were  compactly  arranged 
upon  the  inner  side  of  the  stroma.  There  was,  however,  no 
evidence  of  a  Malpighian  layer.  Care  must  be  taken  to  . 
exclude  the  migrating  epithelial  cells  from  the  consideration 
of  true  growth.  Intercellular  bridges  or  the  presence  of 
keratinizing  cells  were  not  observed  in  any  cultures. 

Degenerative  changes  were  evident  in  some  of  the  epithe- 
lial cells  in  the  presence  of  very  minute  fatty  granules. 

During  active  growth  mitotic  figures  were  quite  evident  in 
some  of  the  epithelial  cells. 


DISCUSSION. 

The  cultivation  of  tissues  outside  of  the  body  offers  an 
excellent  means  for  the  study  of  the  cytology  of  tissues,  as 
well  as  of  the  metabolic  activity  of  the  cells.  With  the 
technic  that  is  now  established  the  difficulty  of  obtaining 
growth  of  diverse  tissues  upon  different  artificial  media  is  no 
longer  very  great.  The  results  of  the  different  investigators 
indicate  that  almost  every  kind  of  tissue  of  warm-blooded 
animals  can  be  cultivated  in  vitro.  Nevertheless  considerable 
work  is  still  necessary  for  the  development  of  a  microchem- 
ical  or  other  test  to  conclusively  prove  the  nature  of  the 
different  cell  elements  which  are  present  in  each  culture. 

In  our  own  experiments  we  have  found  that  our  greatest 
difficulty  lay  in  the  actual  determination  of  the  nature  of  the 
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cells  which  had  grown.  Similar  to  the  experience  of  Lewis 
and  of  Lambert  and  Hanes  we  found  that  various  tissues 
grew  quite  readily  in  serum  media,  heterologous  plasma,  and 
in  simple  solutions,  as  Ringer's  preparation.  It  is  evident, 
however,  that  the  best  growths  are  to  be  observed  in  the 
plasma  media  as  described  by  Carrel  and  Burrows.  It  is  of 
advantage  to  obtain  this  plasma  from  animals  without  the 
use  of  an  anesthetic. 

When  the  plasma  media  is  inoculated  with  a  tissue  for 
cultivation,  there  is  a  rapid  formation  of  fibrin  which  radiates 
from  the  point  of  implantation.  This  fibrin  is  of  definite 
value  to  the  growing  cultures,  in  that  the  cells  find  support 
and  are  guided  in  their  direction  of  growth.  This  has  been 
very  evident  in  all  the  cultures  and  particularly  where  con- 
nective tissues  have  actively  grown.  One  is  reminded  of  a 
similar  process  which  is  to  be  observed  in  the  healing  of 
wounds. 

Another  interesting  point  which  simulates  conditions  aris- 
ing in  vivo  is  the  migration  of  cells  during  the  time  that 
they  are  actively  proliferating.  It  is  not  an  unusual  observa- 
tion to  find  the  new  cells  wandering  at  some  distance  from 
the  parent  cells  and  setting  up  new  centers  of  growth.  This 
characteristic  of  wandering  is  to  be  observed  in  almost  all 
tissues  and  quite  markedly  in  the  epithelium  of  the  skin 
tissues.  It  is  probable  that  a  similar  migration  of  epithelial 
cells  occurs  on  the  surface  of  large  wounds  and  that  the  new 
islands  which  form  are  from  such  points  of  migration.  In 
cultures  one  must  differentiate  active  migration  of  living  cells 
from  the  passive  migration  of  various  materials  and  cells  as 
is  observed  in  the  penetration  of  agar  by  red  blood  cor- 
puscles lying  on  the  surface.  Similar  observations  were 
made  by  Carrel  and  Burrows. 

As  far  as  we  have  been  able  to  observe,  the  connective 
and  spleen  tissues  of  adult  mammalia  grow  most  easily. 
On  the  other  hand,  no  difficulty  was  experienced  in  growing 
liver  and  epithelial  tissues  from  embryonic  chicks.  In  the 
latter,  however,  it  was  also  true  that  the  connective  tissues 
grow  most  profusely  in  cultures  of  all  organs. 
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The  actual  evidence  of  growth  is  best  observed  in  the 
comparison  of  the  number  of  cells  implanted  with  the 
number  of  cells  present  after  several  days'  incubation. 
Little  difficulty  is  experienced  in  recognizing  a  culture  which 
has  not  grown,  for  in  it  the  tissue  shows  little  or  no  change 
save  the  disintegration  of  the  nuclei  and  of  the  cells.  In 
the  cultures  which  have  grown  the  number  of  cells  increases 
many  fold,  and  these  new  cells  which  constantly  extend  the 
circumference  of  the  tissue  mass  show  all  evidence  of  vitality 
and  of  carrying  on  individual  cell  metabolism.  These  cells, 
however,  differ  from  those  which  constitute  the  cells  of  the 
body  in  that  they  show  no  relationship  in  their  metabolism 
or  functional  activity  with  other  cells.  Besides  this  we  have 
never  observed  the  dependence  of  growth  of  one  type  of 
cell  upon  another  order  of  cells.  Thus  the  development  of 
cells  of  a  glandular  or  epithelial  origin  is  not  associated  with 
a  preceding  or  simultaneous  growth  of  stroma,  so  that  epi- 
thelial tissues  do  not  simulate  the  arrangement  and  structures 
of  the  tissue  from  which  they  were  derived.  It  is  obvious 
that  the  growth  of  these  cells  is  very  different  from  that  in 
the  body  and  that  these  cells  must  adapt  themselves  to  cir- 
cumstances quite  different  to  that  which  we  appreciate  as  the 
normal.  In  the  method  of  preparing  artificial  cultures  both 
the  quantity  and  quality  of  food  supply  offered  to  the  cells 
is  arbitrarily  the  same.  It  is  impossible  thus  to  obtain  for 
the  different  cells  the  preformed  nutritive  materials  which 
characterize  their  metabolism  in  the  body. 

It  would  appear  from  this  that  the  growing  cells  in  vitro 
become  isolated  entities  like  so  many  amebae  differing  only 
from  each  other  in  the  degree  of  specialization,  which  they 
have  acquired  prior  to  their  growth  under  artificial  condi- 
tions. It  is  this  increased  specialization,  which  continues  in 
the  developing  embryo,  which  increasingly  offers  greater 
difficulty  in  obtaining  cultures  in  vitro.  The  results  of 
successful  cultures  of  any  tissue  may  be  compared  with  the 
autochthonous  growth  of  tumor.  Whether  the  comparison 
can  be  carried  still  further  is  yet  to  be  determined.  In  a 
single  instance  we  have  obtained  negative  results  from  the 
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implantation  of  actively  growing  embryonic  tissue  cultures 
into  the  homologous  animal.  It  does,  however,  appear  pos- 
sible that  the  gradual  adaptation  of  these  cells  with  vegeta- 
tive qualities  by  repeated  transplantation  on  artificial  media 
may  so  impress  them  with  these  qualities  that  independent 
and  unlimited  growth  will  continue  when  they  are  trans- 
planted into  an  animal. 

In  all  of  our  observations  attention  was  paid  to  the  pres- 
ence or  absence  of  function  in  the  growing  cells.  Up  to  the 
present  we  have  not  been  able  to  observe  that  any  of  the 
tissues  carry  out  any  of  the  functions  which  are  normally 
allotted  to  them  in  the  mature  animals.  Thus,  although  the 
liver  and  connective  tissue  cells  show  an  abundance  of  fat 
globules,  we  could  hardly  indicate  that  this  metabolism  was 
carried  out  for  a  definite  purpose  by  the  cell.  Moreover,  the 
liver  cells  when  grown  in  presence  of  hemoglobin  did  not 
appear  to  be  able  to  make  use  of  this.  Likewise  in  the 
culture  of  adult  tissues  where  the  new  cells  were  derived  from 
specialized  organs  having  previously  acquired  a  specific 
function,  the  new  progeny  appear  to  exert  their  entire 
energy  in  vegetative  activity  without  continuing  their  special- 
ized function.  It  is  probable  that  before  we  are  able  to 
have  specific  tissues  functionate  during  artificial  cultivation, 
we  must  properly  modify  the  culture  medium  to  serve  the 
necessities  of  the  cell.  Others  have  already  shown  that  the 
modification  of  the  media  by  methods  of  dilution  has  a 
decided  effect  upon  the  rapidity  of  the  growth. 

One  of  the  most  interesting  features  of  these  observations 
has  been  the  study  of  fat  deposits  in  the  various  cells. 
Liver  and  connective  tissues  always  accumulate  fat  in  the 
greatest  quantities.  Fat  usually  appeared  about  the  fourth 
day  of  growth  and  continued  to  accumulate  during  the  life 
of  the  cell.  The  origin  of  this  fat  is  not  clear,  for  the 
amount  that  is  seen  in  cultures  of  eighteen  days*  growth 
appears  much  larger  than  that  which  would  be  expected  in 
the  plasma  or  cells  of  the  implanted  mass.  From  the 
results  that  we  have  obtained  up  to  the  present  the  fat  is  of 
a   semifluid    nature    and   consists   of  a   neutral   compound. 
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Studies  are  at  present  in  progress  to  determine  the  exact 
nature  and  origin  of  this  substance. 

[My  sincerest  thanks  are  due  to  Dr.  Oskar  Klotz  for  bis  supervision  and 
assistance  in  this  work,  and  to  Dr.  S.  R.  Haytbom  for  the  photographs.] 
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DESCRIPTION  OF  PLATES. 
Plate  VII. 
Fig.  I. — Growth  of  connective  tissues  forming  layers  and  connecting 
strands. 
Fig.  2.  —  Growth  of  connective  tissues  forming  fibrils  and  strands. 
Fig.  3.  —  Growth  of  isolated  connective  tissue  cells  showing  presence  of 
fibrils  and  fat  globules. 

Plate  VIII. 

Fig.  4.  —  Newly  developed  connective  tissue  cells  beginning  to  accumu- 
late fat  (six-day  old  culture). 

Fig.  5. — Growth  of  skin  tissues.  The  tissues  shown  are  all  newly 
developed  and  at  some  distance  from  the  implanted  mass.  The  single 
strand  shown  consists  of  connective  tissue.  The  denser  mass  is  composed 
of  epithelial  cells. 

Plate  IX. 
Fig.  6.  —  Skin  tissues  from  specimen  shown  in  Fig.  5.    The  relation  of 
the  growing  epithelial  cells  to  the  strand  of  connective  tissues  is  shown. 
Fig.  7.  —  Liver  cells  loaded  with  fat  (fourteen-day  old  culture). 
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AN  EXPERIMENTAL  STUDY  OF  MEASLES  IN   MONKEYS.* 

William  Palmer  Lucas,  M.D. 

{Clinical  Instructor  in  Pediatrics ^  Harvard  Medical  School;  Physician-in-chief 

of  Children's  Department  of  the  Boston  Dispensary,) 


Edward  Lewis  Prizer,  M.D.,  Boston,  Mass. 

{From  the  Department  of  Surgical  Research,  Harvard  Medical  School,) 

The  first  report  of  the  production  of  experimental  measles 
dates  back  to  1852  when  Mayr  was  able  to  prove  the  infec- 
tivity  of  the  buccal  and  nasal  secretions  in  man,  producing 
measles  in  human  subjects.  In  1898  Chavigny  reported  the 
appearance  of  what  he  thought  was  measles  in  a  monkey, 
which  had  been  in  close  contact  with  his  keeper  during  the 
early  stages  of  an  attack  of  measles. 

Josias  in  1898,  stimulated  by  this  report,  allowed  monkeys 
to  play  about  a  measles  ward  for  a  period  of  six  months,  but 
was  never  able  to  detect  any  signs  of  measles  in  the  monkeys. 
Apparently,  this  negative  attempt  delayed  further  animal 
experimentations  until  1905,  when  Hektoen  produced  measles 
in  man  by  injecting  blood  from  a  human  case  early  in  the 
eruptive  stage.  In  1910  Anderson  and  Goldberger  attempted 
the  production  of  measles  in  monkeys  by  the  intra-peritoneal 
injection  of  blood  from  a  case  of  measles,  getting  what  at 
that  time  they  thought  negative  results,  though  upon  later 
analysis  they  concluded  that  one  of  their  monkeys  had  shown 
a  characteristic  rise  in  temperature  on  the  eleventh  day. 
Their  second  attempt  was  also  apparently  negative  except 
for  a  rise  in  temperature.  Their  third  attempt  succeeded 
somewhat  better  since  one  of  their  monkeys  besides  the 
temperature  rise  showed  signs  of  a  sparse  papular  eruption 
on  the  face,  brow  and  chin,  with  a  diffuse  erythema  of  the 
brow  and  lids ;  five  days  later  a  browny  scaling  was  noted. 
Their  fourth  case,  however,  proved  beyond  a  doubt  that  the 
blood  from  a  case  at  the  end  of  about  fourteen  to  twenty 

*  Received  for  publication  Feb.  23, 1913. 
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hours  after  the  appearance  of  the  skin  eruption  could  pro- 
duce experimental  measles  in  the  monkey.  They  have  since 
carried  on  the  virus. from  this  case  through  six  generations 
of  monkeys,  showing  that  virus  can  retain  its  pathogenicity 
for  a  considerable  length  of  time  when  grown  exclusively  in 
monkeys.  They  were  unable  to  grow  the  virus  on  artificial 
media.  Their  inoculations  were  given  intravenously,  intra- 
cerebrally,  and  intraperitoneally  with  about  equal  success. 
Their  positive  evidence  of  measles  consisted  in  a  more  or 
less  definite  rise  of  temperature  four  to  seven  days  after 
inoculation,  coughing,  sneezing,  and  the  appearance  of  a 
more  or  less  typical  papular  rash. 

Hektoen  and  Eggers  have  recently  repeated  the  research 
of  Anderson  and  Goldberger  on  experimental  measles  in  the 
monkey  and  have  made  a  special  study  of  the  leucocytes. 
They  conclude  that  **  Macacus  rhesus  is  susceptible  to  a 
mild  kind  of  measles  if  injected  with  the  virus  of  human 
measles  present  in  the  blood  .  .  . "  and  that  **  the 
leucocytes  appear  to  behave  very  much  as  they  do  in  human 
measles;  that  is  to  say,  that  preceded  by  a  more  or  less 
distinct  leucocytosis  there  appears  a  leukopenia  of  variable 
degree  in  what  would  correspond  in  a  general  way  to  the 
latter  part  of  the  pre-eruptive  and  the  early  part  of  the 
eruptive  periods."  They  add :  **  In  our  animals  this  leuco- 
penia  involved  principally  the  neutrophils,  the  lymphocytes 
being  relatively  somewhat  increased." 

Our  experiments  were  undertaken  to  study  further  the 
production  of  measles  in  the  monkey,  especially  with  refer- 
ence to  the  blood  picture  changes.  We  obtained  our  blood 
from  a  case  of  beginning  measles,  about  six  hours  before 
the  appearance  of  the  skin  eruption  and  about  thirty-six 
hours  after  the  initial  rise  in  temperature,  at  a  time  when  the 
child  was  known  to  have  been  exposed  to  measles  in  the 
orthopedic  ward  of  the  Children's  Hospital.  Blood  was 
withdrawn  from  one  of  the  veins  at  the  elbow  under  strict 
sterile  precautions  and  within  an  hour  thereafter  was  injected 
as  follows  into  two  monkeys:  No.   112  received  two  cubic 
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centimeters  of  clear  blood  serum  from  the  clot  intracere- 
brally  and  three  cubic  centimeters  intraperitoneally,  and 
No.  113  received  five  cubic  centimeters  of  serum  plus  blood 
cells  obtained  by  vigorously  shaking  the  tube  containing  the 
original  blood  specimen,  two  cubic  centimeters  of  this  blood 
cell  serum  suspension  being  injected  intracerebrally  and 
three  cubic  centimeters  intraperitoneally. 

The  first  signs  of  illness  occurred  in  monkey  No.  112 
towards  the  end  of  the  sixth  day  and  consisted  of  listless- 
ness,  shivering,  and  hurried  respirations  unaccompanied  by 
any  appreciable  rise  in  temperature.  At  the  close  of  the 
tenth  day  both  monkeys  showed  characteristic  evidence  of 
measles  in  the  form  of  definite  Koplik  spots  on  the  buccal 
mucous  membranes.  These  spots  in  one  monkey  we  were 
fortunate  enough  to  have  verified  by  Dr.  English  from  the 
South  Department  of  the  Boston  City  Hospital.  Late  on 
the  ninth  day  after  inoculation  and  at  a  time  when  monkey 
No.  112  was  decidedly  sick  we  drew  blood  and  inoculated 
monkey  No.  115  with  two  cubic  centimeters  of  the  serum 
intracerebrally  and  three  cubic  centimeters  subcutaneously. 
This  monkey  showed  a  similar  periodicity  of  symptoms, 
Koplik  spots  appearing  as  in  the  first  two  monkeys  on  the 
tenth  day.  More  than  forty-eight  hours  after  the  appear- 
ance of  the  Koplik  spots,  monkey  No.  113  was  bled  and 
from  his  blood  serum  No.  1 16  was  inoculated  intracerebrally 
with  two  cubic  centimeters  of  the  serum  and  subcutaneously 
with  three  cubic  centimeters  more.  This  monkey  gave  no 
certain  evidence  of  having  contracted  measles. 

All  of  the  monkeys  successfully  inoculated  showed  at  some 
time  during  the  acute  stage  of  the  disease  a  transient 
erythema  of  the  face  and  forehead  but  never  any  more  char- 
acteristic eruption.  The  blood  picture,  however,  taken  in 
conjunction  with  the  appearance  of  the  Koplik  spots  and  the 
invariable  absence  of  both  leucopenia  and  Koplik  spots  in 
the  monkeys  examined  from  time  to  time  as  controls  proves 
without  doubt  that  our  monkeys  were  successfully  inoculated 
with  measles  virus. 

The  blood  used  in  making  our  counts  was  obtained  by 
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puncture  of  the  marginal  vein  of  the  ear.  The  leucocyte 
count  was  made  immediately  and  cover-glass  smears  were 
prepared  for  further  study  at  our  convenience.  Except  on 
Saturdays  and  Sundays,  when  the  hour  was  considerably 
earlier,  blood  was  drawn  each  afternoon  at  approxi- 
mately 6  P.M. 

For  differential  counts  Wright's  modification  of  Leish- 
mann's  blood  stain  was  used  and  five  hundred  or  more  cells 
counted.  As  pointed  out  by  Hektoen  and  Eggers,  differen- 
tiation between  large  lymphocytes  and  large  mononuclear 
leucocytes  is  not  always  easy  in  the  monkey's  blood  and  we 
attempted  to  classify  with  large  mononuclear  leucocytes  all 
those  lymphocytes  which  exceeded  in  diameter  twice  that  of 
a  red  corpuscle. 

This  arbitrary  rule  of  division  proved  unsatisfactory,  con- 
sequently in  our  discussion  we  group  together  large  mononu- 
clear leucocytes  and  lymphocytes  both  large  and  small.  To 
simplify  our  results  as  much  as  possible  we  have  reduced  all 
percentages  to  number  of  corpuscles  per  cubic  millimeter 
and  to  facilitate  comparison  we  have  treated  in  like  fashion 
the  tables  given  by  Hektoen  and  Eggers  from  their  two  most 
typical  cases.  These  tabulations  are  presented  graphically 
in  the  form  of  charts. 

Unfortunately  the  temperature  varied  so  much  in  all  our 
monkeys  that  whatever  temperature  reaction  may  have 
occurred  is  not  manifest.  However,  in  the  three  monkeys 
which  we  succeeded  in  inoculating  with  measles,  Koplik  spots 
were  found  in  considerable  numbers  toward  the  close  of  the 
tenth  day.  We  observed  no  maculopapular  eruption,  though 
conjunctivitis  occurred  in  one  monkey  on  the  day  following 
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etherization.  In  every  instance  the  number  of  leucocytes  fell 
rapidly,  either  from  the  first  day,  as  in  monkey  No.  112,  or 
after  a  transient  leucocytosis,  as  in  monkeys  Nos.  113  and 
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115.  The  two  charts  which  we  have  prepared  from  Hek- 
toen  and  Eggers'  tables  show  more  strikingly  than  do  our 
tables  the  mononuclear  character  of  the  early  leucocytosis, 
though  in  one  of  our  monkeys  (No.  115)  we  got  an  identical 
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reaction.  It  is  worthy  of  note  that  in  our  other  two  monkeys 
we  had  a  slight  increase  in  the  number  of  lymphocytes  and 
large  mononuclear  leucocytes  at  the  end  of  the  third  day, 
which  corresponds  exactly  in  time  with  the  reaction  just 
described,  although  the  picture  is  obscured  in  the  one 
instance  (monkey  No.  113)  by  a  marked  increase  in  the  num- 
ber of  polymorphonuclear  neutrophils,  and  in  the  other 
(monkey  No.  1 12)  by  a  coincident  fall  in  the  total  number  of 
leucotytes. 

No  final  explanation  can  be  offered  for  these  variations  in 
the  character  of  the  reaction,  but  it  should  be  noted  that 
certain  differences  in  technic  and  experimental  conditions 
did  occur.  In  the  first  place  we  used  blood  serum  to 
inoculate  monkeys  Nos.  112  and  115  instead  of  the  whole 
blood,  and  injected  five  instead  of  three  cubic  centimeters. 
In  monkey  No.  113,  on  the  contrary,  five  cubic  centimeters  of 
unwashed  corpuscles  mixed  with  serum  was  the  material 
used  to  carry  the  infection.  Moreover,  the  blood  with 
which  Hektoen  and  Eggers  inoculated  their  monkey  No.   5 
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(Chart  IV.)  was  drawn  thirty  hours  after  the  appearance  of 
the  skin  eruption,  and  that  with  which  they  inoculated  their 
monkey  No.  10  (Chart  V.)  six  hours  after  the  appearance 
of  the  eruption,  while  the  blood  with  which  our  first  two 
monkeys  were  inoculated  was  taken  from  a  case  of  severe 
onset  and  obtained  six  hours  before  the  appearance  of  the 
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skin  eruption.  Monkey  No.  115  was  inoculated  with  blood 
drawn  from  our  monkey  No.  112  on  the  day  preceding  the 
appearance  of  Koplik  spots.  It  may  well  be,  therefore, 
owing  to  the  larger  volume  of  material  used  for  inoculation 
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and  the  earlier  stage  of  the  disease  at  which  our  blood  was 
drawn,  that  our  blood  pictures  represent  a  more  severe 
reaction.  This  assumption  is  rendered  more  plausible  by 
the  fact  that  in  monkey  No.  10,  which  Hektoen  and  Eggers 
inoculated  with  blood  drawn  at  a  stage  twenty-four  hours 
earlier  than  was  the  case  with  their  monkey  No.  5,  the  early 
mononuclear  leucocytosis  was  less  marked  and  the  leucopenia 
developed  earlier  and  was  more  severe,  so  that  a  lower 
count  was  obtained  in  monkey  No.  10  after  six  days  than  in 
monkey  No.  5  after  ten  days. 

That  Hektoen  and  Eggers  err  in  supposing  that  the  leuco- 
penia involves  principally  the  neutrophils  is  shown,  we 
believe,  by  a  careful  analysis  of  the  five  charts.  To  be  sure 
the  neutrophils  suffer  more  severely  in  Hektoen  and  Eggers* 
monkey  No.  5  (Chart  IV.),  as  is  the  case  in  our  monkey 
No.  115  (Chart  HI.),  but  even  here  the  leucopenia  seems  to 
involve  all  the  white  corpuscles  with  the  possible  exception 
of  the  eosinophiles  and  mast  cells,  concerning  the  variations 
of  which  no  conclusions  can  be  drawn  from  our  work.  In 
our  monkeys  Nos.  112  and  113  (Charts  I.  and  II.)  the 
lymphocytes  and  large  mononuclear  leucocytes  seem  if  any- 
thing relatively  fewer  than  the  neutrophils,  while  in  Hektoen 
and  Eggers'  monkey  No.  10  (Chart  V.)  the  curve  is 
approximately  midway  between  the  two  extremes. 

No  red  corpuscle  counts  were  made  but  the  smears  showed 
evidence  of  but  trifling  anemia  and  this  only  late  in  the 
course  of  the  disease.  Once  in  a  while  a  normoblast  was 
noted  but  these  were  always  rare. 

The  later  blood  pictures,  which  correspond  with  the  erup- 
tive and  post-eruptive  stages  of  the  disease,  are  not  included 
in  our  discussion  since  it  seems  probable  that  in  all  instances 
this  part  of  the  curve  was  complicated  in  our  monkeys  by 
an  intercurrent  infection  the  exact  nature  of  which  is 
unknown.  After  the  death  of  our  first  two  monkeys  a 
number  of  the  uninoculated  monkeys  became  ill  and  several 
died.  Only  one  of  these  had  a  leucocyte  count  under 
twenty  thousand  and  in  no  instance  were  Koplik  spots  pres- 
ent.    Autopsy  failed  to  reveal  the  cause  of  death. 
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CONCLUSIONS. 


We  conclude  from  these  experiments : 

1st.  That  measles  can  be  experimentally  reproduced  in 
Macacus  rhesus  and  that  so  reproduced  it  is  a  disease  of 
definite  incubation  period. 

2d.  That  besides  the  fever,  conjunctivitis,  rhinitis,  and 
skin  eruptions  described  by  Anderson  and  Goldberger  it  is 
characterized  by  Koplik  spots  (to  which  we  believe  we  are 
the  first  to  call  attention  in  the  monkey)  and  by  a  typical 
blood  picture  at  least  during  the  pre-eruptive  stage. 

3d.  That  the  virus  of  measles  is  present  in  the  blood 
serum  at  some  time  exceeding  twenty-four  hours  before  the 
appearance  of  the  Koplik  spots  and  persists  until  more  than 
thirty-six  hours  after  the  appearance  of  the  skin  eruption. 

4th.  That  during  the  pre-eruptive  stage  of  the  disease 
there  is  a  leucopenia  involving  the  polymorphonuclear  neu- 
trophils, the  lymphocytes  and  the  large  mononuclear  leuco- 
cytes. This  leucopenia  develops  in  from  five  to  ten  days 
after  inoculation  and  may  be  preceded  by  a  transient 
lymphocytic  and  large  mononuclear  leucocytosis,  which  is 
probably  lacking  or  only  poorly  developed  in  the  severe 
form  of  the  reaction  but  is  strongly  developed  in  less  severe 
cases.' 

Monkey  No.  112 : 

Monkey  No.  112,  injected  with  human  serum  as  described  above, 
showed  an  immediate  and  rapid  fall  in  the  number  of  leucocytes  which 
reached  their  minimum  at  the  end  of  the  sixth  day.  Both  polymor- 
phonuclear neutrophils  and  mononuclear  leucocytes  (including  lympho- 
cytes) participated  about  equally  in  this  reaction.  On  the  sixth  day  the 
monkey  seemed  listless,  chilly  and  respiration  was  hurried,  but  on  the  day 
following  all  evidences  of  illness  had  disappeared.  From  the  sixth  to  the 
ninth  day  there  was  a  slight  relative  increase  in  the  number  of  lympho- 
cytes and  large  mononuclear  leucocytes.  From  the  ninth  day  there  was 
more  fluctuation  in  the  number  of  polymorphonuclear  neutrophils  than  of 
lymphocytes  and  mononuclear  leucocytes,  the  neutrophils  being  relatively 
numerous.  At  the  end  of  nine  days  the  monkey  again  seemed  ill  and  ten 
cubic  centimeters  of  blood  were  drawn  under  ether  from  the  saphenous 
vein  and  used  to  inject  monkey  No.  115.  On  the  next  day  Koplik  spots 
were  observed,  but  otherwise  the  animal  seemed  again  normal.    On  the 
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fourteenth  day  the  monkey  became  suddenly  very  ill  and  died  before  next 
morning.  Autopsy  by  Dr.  Boretti  failed  to  find  any  cause  to  explain  the 
death. 

Monkey  No.  113: 

Monkey  No.  1 13,  injected  with  corpuscles  and  serum  from  the  human 
measles  blood  as  described,  showed  an  initial  polymorphonuclear  leucocy- 
tosis  followed  by  a  leucopenia  which  affected  pol3rmorphonuclear  neutro- 
phils and  mononuclear  leucocytes  (including  lymphocytes)  to  about  the. 
same  extent.  The  neutrophils  and  the  total  number  of  leucocytes  both 
reached  their  minimum  at  the  end  of  the  eighth  day,  but  the  lymphocytes 
and  mononuclear  leucocytes  continued  to  fall  until  the  end  of  the  tenth 
day  when  Koplik  spots  were  first  observed.  On  the  twelfth  day  ten  cubic 
centimeters  of  blood  were  drawn  under  ether  from  the  saphenous  vein  and 
used  to  inject  monkey  No.  1 16.  On  the  following  day  our  monkey  seemed 
sick,  was  listless  and  chilly,  had  a  marked  conjunctivitis  and  erythema  of 
the  face  and  forehead.  He  was  much  the  worse  on  the  following  day  and 
died  before  the  next  morning.  Autopsy  by  Dr.  Boretti  did  not  find  any 
cause  to  explain  the  death. 

Monkey  No.  115: 

Monkey  No.  115,  injected  with  serum  from  monkey  No.  112  as  already 
described,  showed  an  immediate  fall  in  the  number  of  leucocytes,  espe- 
cially the  neutrophils,  followed  by  a  transient  leucocytosis  in  which  the 
lymphocytes  and  mononuclear  leucocytes  predominated.  The  total  of 
leucocytes,  the  polymorphonuclear  neutrophils  and  the  number  of  lymph- 
ocytes and  large  mononuclear  leucocytes  all  reached  their  minimum  towards 
the  end  of  the  sixth  day.  Between  the  eighth  and  tenth  days  there  was  a 
slight  increase  in  the  number  of  lymphocytes  and  mononuclear  leucocytes 
accompanied  by  a  slight  fall  in  the  number  of  neutrophils.  On  the  eve- 
ning of  the  tenth  day  Koplik  spots  were  observed  in  considerable  numbers 
and  persisted  until  the  end  of  the  eighteenth  day.  The  blood  picture 
after  the  tenth  day  was  not  significant.  The  neutrophil  leucocytosis 
occurring  on  the  seventeenth  day  was  probably  due  to  slight  sepsis  of  one 
ear.  Death  occurred  on  the  twenty-eighth  day.  Autopsy  failed  to  reveal 
the  cause  of  death. 

Monkey  No.  116: 

Monkey  No.  116,  injected  with  serum  from  monkey  No.  113,  died  on 
the  eighth  day.  The  blood  picture  was  in  no  way  significant.  There 
was  an  initial  transient  leucocytosis  followed  by  a  gradual  leucopenia,  the 
decline  beginning  with  the  third  day  and  the  lymphocytes  and  mononu- 
clear leucocytes  falling  more  rapidly  than  the  polymorphonuclear  neutro- 
phils. The  lowest  leucocyte  count  obtained  was  1 1 ,000  three  hours  before 
death.  There  is  no  conclusive  evidence  that  this  monkey  contracted 
measles. 

Cause  of  death  is  unknown. 
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[We  wish  to  thank  Dr.  E.  H.  Bradford  for  permission  to  work  in  his 
ward  and  to  express  our  deep  indebtedness  to  Dr.  M.  J.  English  for  exam- 
ining one  of  our  monkeys  and  verifying  the  appearance  of  Koplik  spots. 

To  Dr.  A.  F.  Boretti  we  are  indebted  for  complete  autopsies  on  two 
monkeys.] 
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PARASITIC   PROTOZOA   FROM  THE   GAMBIA.* 

Second  Report  of  the  Expedition  of  the  Liverpool  School  of 
Tropical  Medicine  to  the  Gambia,  igii, 

John  L.  Todd,  M.D. 
(^Asiociaie  Professor  of  Parasiiologyy  McGill  University^ 

AND 

S.   B.  WOLBACH,  M.D. 

{Assistant  Professor  of  Bacteriology ^  Harvard  University  Medical  School.) 

The  main  work  of  an  expedition  sent  to  the  Colony  of 
the  Gambia  at  the  beginning  of  191 1  by  the  Liverpool 
School  of  Tropical  Medicine  was  to  observe  the  amount  and 
distribution  of  human  trypanosomiasis  existing  there,  and  to 
determine  the  best  method  of  recognizing  persons  suffering 
from  that  disease.^  As  opportunities  occurred,  observations 
were  made  on  other  questions,  but  these  were  always  subor- 
dinated to  the  main  work  of  the  expedition.  Consequently 
this  paper,  which  presents  the  results  obtained  by  the  exami- 
nation of  a  small  number  of  Gambian  animals  for  parasitic 
protozoa,  is  merely  the  record  of  a  series  of  hurried  exami- 
nations made  when  leisure  and  opportunity  permitted. 

Practically  all  of  the  animals  and  birds  examined  had  been 
shot  and  were  dead  when  they  were  brought  to  us.  In  order 
to  lessen  the  chance  of  contamination,  the  blood  examined 
was  always  taken  from  the  heart  as  soon  as  possible  after 
death  with  a  capillary  pipette.  But  the  wounds  which 
killed  the  animal  frequently  injured  the  alimentary  canal,  and 
sometimes  one  or  more  hours  intervened  between  the  shoot- 
ing  and   the   making   of  the   preparation.     It  is  therefore 

♦  Received  for  publication  Feb.  15, 191a. 
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probable  that  in  some  instances  the  parasites  seen  in  the 
blood  found  their  way  into  the  circulation  after  the  animal 
was  wounded.  This  is  especially  true  of  birds  and  other 
animals  which  were  killed  with  small  shot.  For  example, 
the  presence  of  the  trichomonas  found  in  the  blood  of  a 
bush  fowl,  and  the  flagellate  parasites  seen  in  the  blood  of  a 
roan  antelope  which  was  shot  several  times,  are  probably  to 
be  explained  in  this  way.  When  large  animals  were  killed, 
the  vessels  of  the  heart  were  ligated,  and  the  organ,  with  the 
blood  contained  in  it,  was  brought  to  camp  for  examination. 

The  usual  procedure  followed  was  to  examine  fresh  cover- 
slip  preparations  of  the  blood  with  a  magnification  of  about 
four  hundred  and  twenty  diameters;  as  a  rule,  stained 
preparations  were  not  made  unless  something  of  interest 
had  been  seen  in  the  fresh  preparations.  The  blood  smears 
to  be  stained  were  allowed  to  dry;  they  were  then  fixed  in 
alcohol  and  stained  by  Giemsa's  method.  The  stained 
preparations  were  preserved  and  they  were  examined  some 
months  after  the  expedition  had  left  Africa,  Such  methods 
are  not  ideal  ones  for  a  study  of  the  morphology  of  parasitic 
protozoa ;  but  they  are  the  only  ones  which  can  be  conven- 
iently employed  by  those  situated  as  we  were.  Similar 
methods  were  followed  on  previous  expeditions  to  the 
Gambia  and  to  the  Congo.  Reports  were  published  to 
describe  the  parasitic  protozoa  observed  during  those  expedi- 
tions ;^''  the  present  paper  will  supplement  them.  For  con- 
venience of  comparison,  the  same  plan  is  followed  i;i  the 
composition  of  all  three  reports. 

The  following  is  a  list  of  the  animals,  giving  the  numbers 
of  each  examined : 


Mammals  : 

Man 362 

Baboon  (Cynocephalus  sp.) 2 

Monkey  (Gray  —  Cercopithecus  sp.) I 

•*        (Red  —  Cercopithecus  rubrus) i 

Horse 7 

Cattle I 

Antelope  (Hippotragus  equinus) 4 

**        (Cervicapra  arundinum} 7 
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Dog 2 

Goat I 

Rats  (Epimys  rattus) 9 

"    (Epimys  8p.jav.) I 

Squirreb  (Helioscinrns  punctatus) 3 

401 
Birds  : 

Pelican  (Pelecanus  onocrotalus) I 

Plover  (Corsorios  Sp.) I 

Bush  turkey  (Lissotis  melanogaster) i 

Crown  bird  ( Balearica  pavonina) 2 

Sand  grouse  (Plerocles  sp.) 3 

Marabout  stork  (Leptoptilus  argala) 3 

Pigeons  (Vinago  nudirostris) 3 

Doves  (Turtur  senegalensis)     -» 
'*      (Streptopella  vinacea)    / 
Guinea  fowl  (Numida  meleagris)    ........       2 

Bush  fowl  (Francolinus  sp.)    .        .         .        .  • 23 

Stone  pheasant  (EHilopachus  fuscus) 3 

Vulture  (Neophron  monachus) 2 

Hawk  (Milvus  xgyptius) 8 

Hawk  (Dissodectes  ardesiacus) 2 

Hawk  **  Large  gray  hawk  "  (Melhierax  sp.) 2 

Shrike  (Corvinella  corvina)     .        .         . 2 

Kite  (  ) 

Parrots  "  green  "  (  ) 

Parrakeet  (Turacus  sp.) 

Blue  rollers  (Coracias  abyssinicus) 

"  Black  fly  catcher  '*  (Dicrurus  atripennis) 

Great  horn  bill  (Bucorax  abyssinicus) 

Hornbill  (Lophoceros  nasatus) 

Babler  (Crateropus  platycercus) 

Scapular  crow  (Corvus  scapulatus) 

Ox  picker  (Buphaga  africana) 

Oriole  (Oriolus  auratus) 

Gray  plantain  eater  (  ) 

Jay(  ) 

Weaver  finch  (Estrelda  minima) 7 

Unidentified  birds  (5  species) 4 

108 
Reptiles: 

Lizards  (Agama  colonorum) 19 

"       (Lygosoma  sp.) 4 

Chameleons  (Chameleon  gracilis) 2 

Snake  (Viper  "Puff  Adder'') I 

Monitor  (Varanus  niloticus) .  I 

Tortoise  (Stemothserus  derbianus) I 

28 
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MAMMALS : 

Man:  Trypanosomes. 

During  the  course  of  the  expedition,  trypanosomes  were 
found  in  seventy-nine  persons  by  the  examination  of  blood 
or  of  gland  juice.*  No  other  parasitic  protozoa  beside 
malaria  were  seen  in  the  natives  examined,  although  the 
possibility  of  meeting  with  spirochetes  or  with  herpeto- 
monads  (Leishmania)  was  always  remembered. 

Haemosporidia. 

The  tertian,  quartan,  and  aestivo-autumnal  types  of  malarial 
parasites  were  all  seen.  Of  these,  the  tertian  was  seen  most 
often  in  the  three  hundred  and  twenty  stained  preparations 
of  blood  which  were  made  from  natives  of  all  sorts  in  differ- 
ent parts  of  the  Gambia.  In  the  accompanying  table,  drawn 
up  to  show  the  incidence  of  malarial  infection,  the  persons 
examined  are  classified  according  to  their  age. 


Children. 

Adults. 

Totals. 

Age  in  Years  .... 

o-S 

S-.0 

Total. 

10-15 

1S-  + 

Total. 

Malaria 

5 
3 

36 

72 

41 

75 

30 

77 

8 

89 

38 
166 

79 
241 

No  malaria 

Total   

8 

108 

116 

107 

97 

204 

320 

Percentage  of  natives 
under  lo  infected, 
or  *<  Malarial    In- 
dex,"  35.3%. 

Percentage  over   10 
infected,  18.6%. 

The  percentage  of  children  infected  is  less  than  it  was  in 
1 90 1  *  and  in  1902  (unpublished  observation)  ;  but  it  is  not 
fair  to  compare  the  figures  because  the  observations  were 
not  made  at  exactly  the  same  time  of  the  year,  nor  on  the 
same  population. 
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Cattle  and  Horses:    Trypanosomes. 

Trypanosomes  were  found  in  large  numbers  in  the  blood 
of  an  imported  Ayrshire  bull ;  the  infection  had  probably 
existed  for  some  time  and  the  bull,  though  still  on  its  legs, 
was  almost  moribund  when  it  was  seen.  The  trypanosomes 
in  the  stained  preparations  made  of  its  blood  are  of  two 
distinct  types :  one  has  a  free  flagellum,  the  other  has  not. 
The  trypanosomes  with  free  flagella  measure  from  20  to  25 
microns  in  length ;  the  measurements  of  a  typical  one  are : 
I.,  .5  micron;  II.,  8  microns;  III.,  2  microns;  IV.,  8 
microns;  V.,  5  microns;  VI.,  i  micron;  total  length,  23.5 
microns.*  In  these  trypanosomes,  the  kinetonucleus  often 
lies  at  the  extreme  end  of  the  parasite.  The  smallest  of  the 
trypanosomes  without  free  flagella  are  typical  *•  tadpole 
forms ; "  a  few  larger  ones  occur,  and  they  resemble 
"  stumpy  forms."  An  aflagellate  trypanosome  of  average 
size  measures  from  8  to  11  microns  in  length,  and  from  i  to 
1.5  microns  in  width;  in  these  forms  also  the  kinetonucleus 
is  often  terminal. 

Trypanosomes  were  also  found  in  the  blood  of  the  native 
horses  used  during  the  expedition ;  both  flagellate  and  non- 
flagellate  forms  were  found  in  them.  Rats  were  inoculated 
from  the  horses,  and  they,  with  one  of  the  horses,  were  sent 
to  the  Runcorn  Research  Laboratories  of  the  Liverpool 
School  where  the  trypanosomes  with  which  they  are 
infected  will  be  studied. 

The  form  of  these  trypanosomes  resembles  that  of  the 
parasites  found  in  the  Gambia  *  and  described  as  Trypano- 
soma dimorphon.  It  is  impossible  to  say  more  than  this 
concerning  the  identification  of  these  parasites  from  our 
examination  of  their  morphology. 

*  The  Roman  numerals,  by  which  the  measurements  of  the  trypanosomes  are  indi- 
cated,  refer  to  those  measurements  which  are  taken  in  recording  the  dimensions  ot 
trypanosomes.*  They  are:  I.,  Posterior  extremity  to  center  of  kinetonucleus;  II., 
Center  of  kinetonucleus  lo  posterior  border  of  nucleus;  III.,  Posterior  to  anterior 
border  of  nucleus;  IV.,  Anterior  border  of  nucleus  to  anterior  extremity  of  cyto- 
plasm; v.,  Length  of  free  flagellum;  VI.,  Greatest  body  width,  without  undulating 
membrane  —  usually  taken  opposite  the  nucleus. 
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Antelope  (Hippotragus  equinus)  :    Spirochetes. 

A  few  spirochetes  were  seen  in  the  preparations  of  stained 
blood.  They  vary  considerably  in  appearance  and  conse- 
quently they  may  be  of  more  than  one  species. 

The  commonest  ones  (Figs.  3,  4)  are  thick  and  measure 
about  5  to  7.5  microns  in  Ifngth.  They  taper  slightly 
towards  each  end  and  end  bluntly.  Their  protoplasm  is 
usually  homogeneous ;  a  few  of  them  contain  a  small,  clear 
area.  They  usually  lie  in  gentle  waves ;  but  they  may  form 
three  or  four  complete  waves.  A  few  small  spirochetes 
resembling  these  occur.  They  may  measure  as  little  as 
three  microns  in  length  and  they  are  only  slightly  curved. 

Spirochetes  of  another  type  are  very  slender,  much 
waved  organisms  with  very  slender  tapering  ends  (Fig.  5). 
Their  protoplasm  is  homogeneous  and  they  measure  about 
five  microns  in  length.  The  measurements  of  these  spiro- 
chetes are  only  approximately  accurate,  since  the  smaller 
curves  of  the  parasites  were  not  accurately  followed  in 
making  them. 

All  of  the  parasites  described  under  this  heading  were 
found  in  blood  taken  from  a  half  grown  roan  antelope,  killed 
at  Dungu,  a  town  near  the  mouth  of  the  Gambia  River. 

Trypanosomes. 

A  few  trypanosomes  were  present;  most  of  them  are 
**  tadpole  forms,"  which  measure  about  thirteen  microns  in 
length  (Fig.  i).  There  is  also  a  broader  form  (Fig.  2) 
measuring  15.6  microns  in  length  by  3.7  microns  in 
breadth.  Two  white  rats  which  were  inoculated  with  blood 
containing  these  trypanosomes,  alive,  have  never  become 
infected.  It  is  unfortunate  that  this  trypanosome  could  not 
be  brought  living  to  England  to  be  studied.  Its  morphology 
does  not  differ  greatly  from  the  trypanosomes  found  in  cattle 
and  horses.  Consequently,  it  is  not  impossible  that  the 
trypanosomes  seen  in  cattle  and  horses  and  in  this  antelope 
may  all  have  been  Trypanosoma  dimorphon. 
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Piroplasmata. 
Red  cells  infected  by  piroplasmata  occur  in  almost  every 
field  of  the  blood  smear  made  from  this  antelope.  Most  of 
the  parasites  are  rounded  (Fig.  6)  and  contain  a  single  mass 
of  chromatin.  This  mass  is  usually  crescentic  in  shape 
(Figs.  6-1 1),  but  it  is  sometimes  divided  into  two  distinct 
parts  (Figs.  7,  13).  Elongated  bacillary  forms  (Fig.  9,  10) 
are  not  uncommon.  Double  infections  of  the  same  cell 
(Fig.  11)  are  very  rare,  as  are  also  bigeminal  forms  of  the 
parasite  (Fig.  12). 

Cross-shaped  divisional  forms  were  not  seen.  The  para- 
site is  a  small  one  (Fig.  8) ;  a  round  form  of  average  size 
measures  about  one  micron  in  length  and  a  bacillary  form 
from  2  to  2.5  microns.  The  red  cells  of  this  antelope 
measure  about  4.5  microns  in  diameter. 

Granules  resembling  chromatin  (Fig.  13)  sometimes  lie 
within  or  at  the  periphery  of  the  red  cells.  Their  nature  is 
not  known,  but  Theiler's  description  of  Anaplasma  margi- 
nale  ®  makes  it  necessary  to  mention  them. 

This  piroplasm  seems  to  be  most  nearly  related  to  those 
which  have  been  called  Theileria  in  the  classification  of  the 
piroplasms  proposed  by  Franca.^  It  differs  considerably 
from  a  piroplasm  found  in  the  blood  of  an  antelope  of 
another  species.*  Consequently,  in  the  event  of  this  being  a 
new  species,  the  name  Theileria  hippotragi  is  proposed  for  it. 
There  are  many  cattle  in  the  Colony  of  the  Gambia. 
There  were  none  in  the  forest  where  this  antelope  was  shot, 
but  there  were  considerable  herds  at  no  great  distance  from 
it.  Although  each  chief  was  questioned  concerning  it  none 
had  heard  of  red-water  in  cattle  and  we  found  no  piroplas- 
mata in  the  blood  of  the  cattle  examined  by  us  in  the 
Gambia  in  1902  and  in  191 1. 

Miscellaneous. 

Flagellated    (Figs.    14,    15,    16)    and    spore-producing, 

encysted  (Figs.  17,  18,  19)  organisms  are  also  present  in 

the  stained    preparations  of  this  antelope's   blood.     These 

preparations  were  made  with  blood  taken  by  a  pipette  from 
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the  excised  and  ligated  heart ;  but  the  animal  had  received 
several  wounds  and  the  preparations  were  not  made  until  two 
or  three  hours  after  it  was  killed.  Consequently  it  is  very 
possible  that  the  bodies  illustrated  in  Figs.  14-19  are  the 
result  of  contamination,  probably  from  the  alimentary  canal. 

Rats  :    Trypanosomcs. 
Trypanosomes  identical  in  appearance  with  Trypanosoma 
lewisi  were  found  in  the  blood  of  rats  (in  Epimys  rattus  and 
in  an  immature  rat  of  the  same  genus  but  probable  different 
species)  caught  at  several  widely  separated  localities. 


BIRDS : 

Vulture  (Neophron  monachus)  :  Leucocytozoan. 

A  parasite  exists  in  white  cells  of  a  vulture  shot  at  Sokuta 
which  much  resembles  those  occurring  in  the  blood  of  dogs 
and  small  rodents,  and  named Leucocytogregarina  (Porter*). 
It  occurs  in  fair  numbers.  It  measures  about  7.5  microns  in 
length  by  3.75  microns  in  breadth  (Figs.  20-25).  As  a 
rule  its  cytoplasm  is  rather  coarsely  alveolar  and  stains  a 
deep  blue,  but  in  some  parasites  the  cytoplasm  is  homo- 
geneous and  stains  faintly.  At  one  end  of  the  parasite  there 
is  often  a  pale  area  like  a  vacuole  which  may  occupy  its 
whole  width.  The  nucleus  is  usually  a  rather  loose  mass 
of  granular  material  which  lies  near  the  center  of  the  parasite 
and  it  may  extend  completely  across  it.  Sometimes  the 
nucleus  is  smaller  and  more  compact  or,  rarely,  its  chromatin 
may  be  arranged  in  masses  placed  at  its  periphery  or 
in  lines  radiating  from  its  center  (Fig.  24)  Rarely,  also, 
the  nucleus  may  be  placed  at  one  end  of  the  parasite. 
Occasionally  there  are  one  or  two  chromatophilic  granules 
lying  in  the  cytoplasm  outside  of  the  nucleus.  In  some 
specimens  where  a  vacuole  lies  near  the  surface  it  can  be 
seen  that  the  '*  skin  ''  of  the  parasite  stains  pink. 

Free  parasites  are  not  seen;  all  are  intracellular.  They 
are  usually  within  large  mononuclear  cells,  but  they  do  occur 
within  eosinophilic  (Fig.  24)  and  neutrophilic  leucocytes 
(Fig.  25).  The  parasite  is  almost  invariably  closely  con- 
nected with  the  nucleus,  and  very  often  the  nucleus  seems  to 
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have  been  split  by  it  (Fig.  24).  There  is  usually  a  sharply- 
defined,  clear  area  between  the  parasite  and  the  cytoplasm  of 
the  host  cell ;  in  some  instances  there  are  appearances  which 
suggest  that  this  clear  area  represents  a  cyst  envelope. 
Most  of  the  host  cells  seem  to  be  normal ;  some  of  them  are 
obviously  degenerated  and  their  cytoplasm  and  nuclei  are 
enlarged  and  faintly  staining. 

Parasites  of  this  type  have  been  found  in  a  considerable 
number  of  small  mammals.  An  excellent  review  of  them 
has  recently  been  published  by  Franca  and  Pinto.*®  This  is 
the  first  time  that  a  parasite  of  this  description  has  been  seen 
in  the  blood  of  a  bird.  Should  it  prove  to  be  a  new  species 
the  name  Leucocytogregarina  neophrontis  is  proposed  for  it. 
Because  one  parasite  of  this  type  is  acquired  by  its  vertebrate 
host  through  the  ingestion  of  ectoparasites  (mites")  con- 
taining them,  the  occurrence  of  a  leucocytogregarina  in  a 
foul-feeding  vulture  is  suggestive,  when  considered  in  asso- 
ciation with  this  manner  of  transmission. 

White  cell  parasites  were  seen  in  none  of  the  mammals 
examined.  They  were  sought  for  because  free  hemogrega- 
rine-like  parasites  had  been  seen  in  the  blood  of  Gambian 
dogs  in  1903.* 

HORNBILL  (Lophoceros  nasatus)  :  Trypanosomes. 

Trypanosomes  of  two  distinct  types,  one  large,  the  other 
small,  are  present  in  the  blood  of  a  hornbill. 

The  large  trypanosome  (Fig.  26)  has  darkly  staining 
cytoplasm,  and  it  is  striated  from  end  to  end  by  about  eight 
definite  longitudinal  lines  or  myonemes.  The  nucleus 
stains  faintly,  and  its  details  are  obscured  by  the  myonemes. 
It  is  separated  from  the  cytoplasm  by  an  unstained  area. 
The  kinetonucleus  is  large,  compact,  and  deeply  staining; 
it  is  placed  midway  between  the  posterior  extremity  of  the 
parasite  and  the  nucleus.  Immediately  anterior  to  it  lies  a 
very  definite,  clear,  vacuole-like  area.  The  undulating  mem- 
brane is  ample  and  its  thickened  edge,  which  arises  from  the 
kinetonucleus,  is  prolonged  in  a  free  flagellum.  The  free 
flagellum  is  probably  longer  than  it  is  represented  to  be  in 
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Fig.  26.  The  measurements  of  this  trypanosome  are ;  I., 
14  microns;  11. ,  5  microns;  III.,  3.5  microns;  IV.,  15 
microns;  V.,  4.3  microns;  VI.,  5  microns;  total  length,  41.8 
microns. 

The  small  trypanosome  (Fig.  27)  has  an  elongated  and 
very  slender  posterior  extremity.  Its  cytoplasm  is  granular, 
and  it  is  striated  throughout  its  length  by  longitudinal  myo- 
nemes ;  the  striations  are  not  so  conspicuous  as  they  are  in 
the  large  trypanosome.  The  nucleus  stains  well,  and  it 
covers  three-quarters  of  the  breadth  of  the  parasite,  and  lies 
within  a  clear  area  in  the  cytoplasm.  The  kinetonucleus  is 
large,  very  dense,  and  very  deeply  staining.  It  is  always 
placed  at  about  the  center  of  the  curious  prolongation  of  the 
posterior  extremity.  As  a  rule  this  prolongation  stains 
pink;  consequently  it  probably  consists  of  the  periplast 
alone  and  the  cytoplasm  is  not  continued  into  it.  The 
measurements  of  this  trypanosome  are :  I.,  2.7  microns;  II., 
8  microns;  III.,  1.6  microns;  IV.,  7  microns;  V.,  7  microns; 
VI.,  4  microns;  total  length,  26.3  microns. 

Trypanosomes  dissimilar  to  these  have  been  seen  in  horn- 
bills.'*  "  There  is  some  resemblance  in  the  prolongation  of 
the  posterior  extremity  between  these  trypanosomes  and 
those  seen  in  a  bee-eater  ^  and  in  a  guinea-fowl."  A  try- 
panosome with  a  tapering  posterior  extremity  has  also  been 
seen  in  a  bush  fowl.' 

Doves  (Streptopella  vinacea) :  Trypanosomes. 
Trypanosomes  (Fig.  28)  were  found  in  the  blood  of  two 
doves  shot  at  Somita.  The  cytoplasm  of  these  parasites 
stains  deeply,  but  it  is  coarsely  alveolar,  and  it  contains 
many  irregular,  lighter-staining  areas.  Eight  longitudinal 
striations  run  the  whole  length  of  the  trypanosome.  The 
nucleus  stains  lightly.  It  is  placed  near  the  center  of  the 
parasite  and  occupies  almost  three-quarters  of  its  breadth. 
The  kinetonucleus  is  very  compact  and  stains  deeply;  it  is 
sometimes  distinctly  oblong  in  shape.  It  may  lie  a  third 
nearer  to  the  nucleus  than  it  does  in  Fig.  28.  The  undu- 
lating membrane  is  scanty  and  its  thickened  edge  is  pro- 
longed in  a  short,  free  flagellum.     The  measurements  of  this 
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trypanosome  are:  I.,  14  microns;  II.,  4.8  microns;  III., 
3.6  microns;  IV.,  16  microns;  V.,  5  microns;  VI.,  5.2 
microns;  total  length,  43.4  microns. 

Bush  Fowl  (Francolinus  sp.)  :  Trypanosomes. 

There  are  trypanosomes  in  the  blood  smears  from  one  of 
the  bush  fowl  in  which  the  leucocytozoon  described  below 
was  found.  There  are  two  types  of  trypanosomes :  one  has 
a  sharp  posterior  extremity  (Fig.  29),  the  other  has  a  blunt 
one  (Figs.  30  and  31);  otherwise  they  are  very  similar  in 
appearance  and  though  they  are  rather  larger  they  resemble 
the  trypanosomes  seen  in  the  blood  of  a  hawk  in  which 
leucocytozoa  were  found.^  They  also  somewhat  resemble 
the  trypanosomes  seen  by  Mayer "  in  the  blood  of  birds 
harboring  leucocytozoa. 

The  trypanosomes  with  sharp  posterior  extremities  (Fig. 
29)  stain  more  deeply  than  do  those  with  blunt  ends 
(Figs.  30  and  31).  The  cytoplasm  of  both  is  loosely 
granular  and  contains  more  or  less  numerous  pale  areas 
which  have  the  appearance  of  definite  but  irregular  non- 
staining  granules ;  both  have  eight  distinct  longitudinal  stri- 
ations.  The  kinetonucleus  is  very  compact  and  stains 
deeply.  The  nucleus  stains  freely  and  is  loose  in  texture. 
The  undulating  membrane  is  ample,  and  its  thickened  edge 
is  prolonged  in  a  free  flagellum.  The  trypanosomes  with 
blunt  ends  have  the  following  measurements :  I.,  3.3  microns ; 
II.,  14.5  microns;  III.,  3.3  microns;  IV.,  27  microns;  V., 
8.5  microns;  VI.,  7.5  microns;  total  length,  56.6  microns. 
The  measurements  of  those  with  sharp  ends  are:  I.,  10 
microns;  II.,  15  microns;  III.,  3.7  microns;  IV.,  25.6 
microns;    V.,  6.4  microns;  VI.,  5.5  microns;  total  length, 

60.7  microns. 

Trichomonads. 

The  trichomonads  (Fig.  32)  found  in  a  stained  preparation 
of  blood  from  a  bush  fowl  probably  found  its  way  into  the 
circulation  from  the  alimentary  canal  by  way  of  the  shot 
wounds  which  killed  the  bird. 

Leucocytozoan. 

Leucocytozoa  (Figs.  33-42)  were  found  in  each  of  four 
bush  fowl  which  were  shot  at  Tuba ;  this  is  the  only  occasion 
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on  which  parasites  resembling  Leucocytozoan  ziemanni  were 
seen. 

The  leucocytozoa  were  not  noticed  until  the  stained  prep- 
arations of  blood  were  examined.  Most  of  the  parasites 
are  large,  «' adult"  forms  (Figs.  33,  34,  35,  36);  the  dark 
staining  female  parasites  (Figs.  33,  34)  are  from  four  to  five 
times  more  numerous  than  the  lighter  colored  males  (Figs. 
3Si  36).  Small  "young**  forms  are  found  in  the  prepara- 
tion from  each  bird,  but  they  are  very  rare. 

The  adult  leucocytozoa  vary  in  size.  They  may  measure 
from  13  by  15  microns  to  7  by  24  microns;  they  usually 
measure  from  19  to  21  microns  in  length  and  from  6  to  7 
microns  in  width.  There  is  no  constant  difference  in  size 
between  the  males  and  females.  The  two  smallest  parasites 
seen  measure,  respectively,  5  by  2.5  microns,  and  5  by  5 
microns. 

The  commonest  form  of  the  parasites,  with  its  host  cell, 
constitutes  a  spindle-shaped  body  (Figs.  33-36)  which  may 
measure  from  30  to  50  microns  in  length  and  from  6  to  13 
microns  in  breadth.  This  body  contains  the  cytoplasm  and 
nucleus  of  the  host  cell  and  the  cytoplasm  and  "  nuclear 
bodies  **  of  the  parasite.  The  cytoplasm  of  the  host  cell  is 
structureless  and  stains  pink  or  lilac ;  it  forms  a  sheath  for 
the  parasite  and  its  extremities  may  be  blunt  (Fig.  42)  or 
tapering  (Fig.  36).  The  cytoplasm  of  the  host  cell  has  been 
described  as  part  of  the  parasite  and  has  been  called  the 
*'  periplast.**  ^  The  observations  recorded  by  those  who 
have  examined  many  parasites  in  fresh  and  stained  prepara- 
tions show  this  description  to  be  a  mistaken  one."  The 
nucleus  of  the  host  cell  may  be  much  distorted.  It  is 
usually  placed  peripherally  near  the  middle  of  the  parasite, 
and  may  underlie  or  overlie  it. 

The  nature  of  the  host  cell  containing  these  parasites  is 
uncertain.  Some  maintain  that  it  is  a  leucocyte ;  others  that 
it  is  an  erythroblast.  None  of  the  parasites  described  in  this 
paper  lie  in  cells  containing  hemoglobin,  nor  are  they  in 
large,  mononuclear  leucocytes.  From  our  material  it  is 
impossible  to  determine  definitely  the  character  of  the  host 
cells.     The  type  of  their  nuclei  is  that  of  the  nuclei  of  the 
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small  mononuclear  leucocytes  of  the  blood,  but  such  nuclei 
might  also  occur  in  erythroblastic  myelocytes. 

Adult  female  parasites  (Figs.  33,  34,  42)  have  cytoplasm 
(endoplasm^)  which  stains  a  deep  blue;  its  texture  is 
coarsely  alveolar  and  it  contains  vacuoles  so  constantly  that 
these  cannot  be  considered  to  be  artefacts.  The  bodies  lying 
within  the  female  parasites,  which  stain  like  chromatin 
(nuclear  bodies*),  consist  of  two  large  masses  and  of  an 
indefinite  number  of  small  round  granules.  The  larger  of 
the  two  chromatophilic  masses  (nucleus)  is  an  oval  or 
irregular  collection  of  granules  which  measures  from  2  by 
4.5  microns  to  3.5  by  4.9  microns.  The  smaller  mass 
(nucleolus,^  blepharoplast,'  or  karyosome  ")  is  more  compact 
and  stains  more  deeply  than  does  the  nucleus ;  it  measures 
about  one  micron  in  diameter.  These  two  masses  are  often 
superimposed,  but  they  may  lie  side  by  side  or  be  widely 
separated.  When  they  lie  together  they  are  often  sur- 
rounded by  a  round  or  oval  pink-staining  area;  when  they 
are  separated  this  area  is  associated  with  the  smaller  mass. 
When  chromatophilic  granules  exist  they  are  distributed 
irregularly,  singly  or  in  small  groups  throughout  the  para- 
site. 

The  line,*  which  was  described  as  one  of  the  nuclear 
bodies  of  a  leucocytozoon  seen  in  the  blood  of  an  African 
hawk,  is  not  present  in  these  preparations.  Other  observers 
have  also  failed  to  find  it  in  the  leucocytozoa  which  they 
have  studied;  consequently,  the  description  of  it  has  been 
adversely  criticised.  That  description  is  based  upon  a  care- 
ful examination  of  four  stained  preparations  of  very  heavily 
infected  blood;  the  statements  made  in  it,  concerning  the 
line,  are  based  on  the  study  of  many  parasites;  drawings 
were  made  of  one  hundred  and  thirty  and  these  are  recorded 
in  sketch  notes.  The  preparations  have  been  recently 
reexamined  and  it  is  still  certain  that  the  line  is  not  an 
artefact  as  has  been  suggested.  We  repeat:  '*  The  course  of 
development  described  may  be  mistaken,  but  the  descriptions 
.  .  .  are  accurate  ...  so  far  as  the  defects  of  the 
method  of  preparation  permit."  * 
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Adult  male  parasites  (Figs.  35,  36)  have  cytoplasm  which 
is  finer  in  texture  and  stains  less  densely  than  does  that  of 
the  female  parasites.  They  stain  in  bluish  pink  or  rose,  and 
these  colors  may  be  distributed  irregularly  throughout  their 
cytoplasm.  The  larger  nuclear  body  or  nucleus  is  less  com- 
pact and  larger  than  it  is  in  the  adult  female  parasites ;  in  a 
small  proportion  of  perfectly  preserved  individuals  the 
nucleus  occupies  the  whole  width  (6  to  7  microns)  of  the 
leucocytozoon.  The  smaller  nuclear  mass  is  seen  less  fre- 
quently in  male  than  in  female  parasites,  but  its  appearance 
and  relations  are  the  same  in  both  forms.  The  chromato- 
philic  granules  may  be  scattered  throughout  the  cytoplasm 
and  they  are  usually  rather  more  numerous  than  they  are  in 
female  parasites. 

The  adult  male  and  female  leucocytozoon  are  often  bor- 
dered by  a  red  line ;  it  is  most  marked  at  the  extremities, 
though  it  may  extend  completely  around  the  parasite  (Figs. 

33.  34.  36). 

Small  forms  (Figs.  37,  38,  39,  40)  are  much  less  numer- 
ous than  are  the  adult  parasites.  They  have  a  blue-staining 
cytoplasm  and  one  or  more  nuclear  bodies ;  the  latter  are  a 
diffuse  mass  and  one  or  two  smaller  denser  bodies  or  gran- 
ules. The  amount  of  chromatophilic  material  contained  in 
the  small  parasites  varies;  the  cytoplasm  of  those  which 
have  most  stains  less  deeply.  They  seem  to  have  com- 
menced to  differentiate  into  male  and  female  forms  (Figs. 
38,  39).  Rounded  parasites  with  male  or  female  character- 
istics may  vary  in  width  from  the  smallest  parasite  seen, 
measuring  five  microns  in  diameter,  up  to  forms  of  twice 
that  size;  it  is  probable  that  adult  parasites  may  develop 
directly  from  these  small  intracellular  forms.*'  ^*  None  of 
the  extremely  small  forms,  which  have  been  seen  in  other 
birds  infected  with  leucocytozoa,  were  seen  in  these  prepara- 
tions. Large,  rounded,  adult  female  parasites  exist  which 
are  quite  distinct  from  the  small  round  forms.  These  large 
forms  are  freed  from  the  cytoplasm  and  often  also  from  the 
nucleus  of  the  host  cell.  Their  cytoplasm  stains  a  much 
deeper  blue,  and  is  more  alveolar  than  the  cytoplasm  of  the 
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small,  intracellular  parasites.  Their  rounded  shape  is  some- 
times produced  by  a  folding  inwards  and  overlapping  of  their 
extremities  (Fig.  41).  Keyssclitz  and  Mayer**  have  also 
seen  forms  similar  to  these. 

Leucocytozoa  have  been  seen  in  African  francolins  from 
Uganda  and  the  Sudan.*'  The  characteristics  of  the  para- 
site described  here  are  not  distinctive  enough  to  distinguish 
it  from  those  already  described. 

Hemosporidia. 

Halteridium-like  parasites  were  found  in  the  blood  of 
pigeons  (Vinago  nudirostris)  ;  doves  (Streptopella  vinacea), 
(Turtur  senegalensis) ;  guinea-fowl  (Numida  meleagris) ; 
bush  turkey  (Lissotis  melanogaster) ;  stone  pheasant  (Ptil- 
opachus  fuscus)  ;  bush  fowl  (Francolinus  sp.);  crown  bird 
(Balearica  pavonina)  ;  and  vulture  (Neophron  monachus). 
As  a  rule  there  were  very  few  parasites  in  the  blood,  and 
heavy  infections  were  seen  only  in  a  pigeon  and  in  a  stone 
bush  fowl  and  in  a  vulture. 

Various  authors  (Wcnyon,^*  Minchin ")  have  suggested 
that  there  may  be  more  than  one  species  of  halteridium.  An 
inspection  of  the  parasites  present  in  these  birds  suggests 
strongly  that  this  may  be  so.  The  adult  forms  of  the  para- 
site of  the  pigeon  are  large  organisms,  which  displace  the 
nucleus  of  the  cell  containing  them;  infected  cells  usually 
lose  their  shape  and  become  rounded  (Figs.  ^T^  68,  69,  and 
70).  The  adult  parasites  all  contain  a  good  many  very 
coarse,  dark  pigment  granules,  and  they  show  their  male  or 
female  characteristics  distinctly.  The  female  forms  are  by 
far  the  most  numerous ;  their  cytoplasm  is  very  dark  and  very 
alveolar  (Fig.  69).  The  male  forms  are  easily  recognized 
by  their  paler  cytoplasm  and  considerable  amount  of  nuclear 
material  (Fig.  70).  Although  the  pigeon  was  heavily 
infected,  there  were  very  few  young  parasites  (Figs.  6j  and 
68)  ;  almost  all  were  mature  gametocytes.  Coarse  pigment 
granules  occurred  in  young  parasites  scarcely  quarter  grown, 

Halteridia  quite  similar  to  this  one  were  seen  in  two  species 
of  doves  (Figs.  57,  58,  and  59),  guinea-fowl,  bush  turkey. 
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and  crown  bird.  Quite  different  was  the  pigmented  red  cell 
parasite  seen  in  the  blood  of  a  stone  pheasant  (Figs.  60,  61, 
62, 63,  and  64).  The  bird  was  heavily  infected  but  the  para- 
sites were  practically  all  small  ones.  The  smallest  ring 
forms  (Fig.  60)  were  little  more  than  half  the  width  of  a 
red  cell  nucleus  in  diameter.  The  parasites  were  irregular 
in  shape ;  some  of  them  were  almost  divided  into  two  or 
more  lobes  (Fig.  62).  All  of  them  had  a  considerable 
amount  of  chromatin,  often  divided  into  several  granules. 
Pigment  seems  to  appear  early;  in  the  adult  parasite  it 
occurs  in  coarse  granules.  Infected  cells  are  not  distorted, 
nor  are  their  nuclei  displaced. 

Somewhat  similar  parasites  (Figs.  71,  72,  73,  74,  and  75) 
to  those  from  the  stone  pheasant  were  found  in  two  francolin 
bush  fowls,  which  also  contained  the  leucocytozoon  described 
above.  Pigment  in  small  amount  is  present  in  small,  imma- 
ture forms  (Fig.  74),  and  is  abundant  in  the  larger,  possibly 
mature,  forms  (Fig.  75).  The  division  of  the  parasite  into 
lobes  (Fig.  73)  is  even  more  marked  than  in  the  parasite 
from  the  "  stone  bush  fowl."  The  parasite  illustrated  in  Fig. 
73  is  the  largest  one  we  found. 

In  the  vulture's  blood  there  is  a  halteridium  of  the  classi- 
cal type  (Figs.  65  and  66).  The  host  cells  are  not  distorted, 
nor  are  their  nuclei  displaced;  the  adult  parasite  extends 
about  them  in  the  shape  of  old-fashioned  dumb-bells.  The 
cytoplasm  of  the  macrogametocytes  of  this  parasite  are  not 
nearly  so  dark  staining  nor  so  alveolar  as  are  those  of  the 
parasite  of  the  pigeon.  The  pigment  occurs  in  small  para- 
sites; in  large  ones  it  is  plentiful  and  exists  in  coarse 
granules. 

From  these  brief  descriptions  it  appears  that  the  "  hal- 
teridia  "  we  have  described  fall  into  three  groups  according  to 
their  characteristics.  It  is  of  course  impossible  without 
further  study  to  affirm  that  these  groups  represent  separate 
species. 
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REPTILES: 

Lizard  (Agama  colonorum)  :  Trypanosomes. 

Trypanosome  (Fig.  43)  occurs  in  preparations  of  blood 
made  from  a  lizard  at  Vintang.  It  is  a  large,  rounded 
parasite  measuring  from  23  by  27  microns  to  35  by  12 
microns.  Its  cytoplasm  is  coarsely  alveolar  and  may  con- 
tain several  small  vacuoles ;  it  stains  a  deep  blue.  The  kine- 
tonucleus  is  small,  compact,  and  densely  staining.  Adjoining 
the  kinetonucleus,  or  partly  surrounding  it,  there  is  often  a 
small  ill-stained  oval  area.  Sometimes  this  area  can  be  seen 
to  be  joined  by  a  thread-like  connection  with  the  pale  elon- 
gated area,  which  contains  the  chromatin  of  the  nucleus. 
This  elongated  area  is  well-defined  and  it  stains  less  deeply 
than  does  the  surrounding  cytoplasm ;  it  may  measure  seven- 
teen microns  in  length.  The  chromatophilic  nuclear  material 
consists  of  a  loose-textured,  faint-staining  mass  which  lies  at 
about  the  center  of  the  elongated  area  in  which  it  is  placed. 
The  undulating  membrane  is  ample  and  there  is  a  free 
flagellum. 

A  trypanosome  of  another  type  (Fig.  44)  is  present  in 
the  same  slides.  It  is  a  smaller  parasite,  and  it  measures 
from  38  by  7  microns  to  25  by  ii  microns.  Its  shape  is 
more  or  less  oblong,  but  its  posterior  extremity  may  form  a 
definite  prolongation.  The  cytoplasm  is  almost  homogeneous 
and  it  stains  faintly ;  sometimes  it  stains  pink.  In  the  cyto- 
plasm are  a  few  vacuoles  and  very  numerous  red  granules. 
The  chromatin  of  the  nucleus  stains  slightly  and  it  lies  in  a 
clear  elongated  area,  which  may  measure  ten  microns  in 
length ;  the  chromatin  lies  near  the  center  of  this  area  in  a 
mass  which  may  measure  five  microns  in  length.  As  in  the 
larger  trypanosomes,  one  end  of  the  clear  nuclear  area  may 
be  closely  connected  with  the  densely  staining  kinetonucleus. 
There  is  an  undulating  membrane  and  a  free  flagellum. 

A  trypanosome  identical  with  this  in  appearance,  but 
sometimes  measuring  as  much  as  32  by  13  microns,  was 
found  in  lizards  of  another  genus  (Lygosoma  sp.). 

The  resemblance  of  both  of  these  parasites  to  forms  of 
Trypanosoma   loricatum   is   evident.'     Trypanosomes,  also 
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resembling  forms  of  Trypanosoma  loricatum,  have  been  seen 
in  lizards  by  Wenyon  in  the  Sudan  ^  and  by  Martin  ^®  in 
French  Guinea. 

Hemocytozoa. 

Pigmented  parasites  harboring  in  the  red  blood  cells  of 
reptiles  have  been  reported  by  several  authors.^' ^' ^^  One 
was  seen  in  the  blood  of  a  Gambian  lizard  (Agama  colono- 
rum).  Most  of  the  forms  seen  were  of  comparatively  large 
size  (Figs.  45-48).  None  of  the  small  forms  described  in 
the  Sudan ^  were  seen;  neither  was  the  close  connection 
between  nucleus  of  the  host  cell  and  parasite,  seen  in  our 
specimens,  observed  there.  Larger  forms  (Figs.  49,  50) 
were  infrequent;  in  these  the  chromatin  was  usually  dis- 
tributed peripherally,  and  it  was  divided  into  from  eight  to 
eleven  masses.  In  some  parasites  (Fig.  50)  one  end  is 
occupied  by  a  mass  of  material  taking  the  same  stain  as  the 
chromatin.  The  texture  of  the  cytoplasm  of  most  parasites 
is  loose  and  alveolar.  All  contain  varying  amounts  of 
golden-brown  pigment. 

Some  of  the  red  blood  cells  of  this  lizard  contain  bac- 
terium-like bodies  (Figs.  51-53);  they  recall  those  which 
have  been  seen  in  the  blood  of  frogs. 

Monitor  (Varanus  niloticus)  :  Hemogregarine. 
This  monitor  was  shot  at  Lamin  Koto,  the  blood  films  were 
made  and  the  tissues  preserved  at  once.  No  parasites  were 
seen  in  the  examination  of  the  fresh  blood.  In  the  stained 
films  there  are  a  very  few  hemogregarines,  all  within  red 
corpuscles.  The  largest  are  elongated,  slightly  curved 
bodies,  10.3  by  2.5  microns.  The  protoplasm  stains  very 
faintly  and  the  cell  outline  is  wrinkled.  The  nuclear  mate- 
rial is  densely  stained  and  is  placed  in  the  middle  of  the 
parasite  (Fig.  54).  Most  of  the  large  forms  are  surrounded 
by  a  delicate  pink  stained  capsule.  Empty  capsules  in  red 
cells  occur  in  small  numbers  (Fig.  56)  and  probably  are  the 
result  of  damage  done  in  making  the  preparations.  No 
tapering  or  bent  vermicular  forms  were  seen.  The  host  cell 
nucleus  is  often  slightly  displaced.  The  smallest  parasites 
are   oval   in   shape   and    measure    about    6   by   3    microns 
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(Fig.  55).  The  protoplasm  is  finely  alveolar,  stains  pale 
blue  and  often  contains  one  or  several  chromatophilic  gran- 
ules. The  nuclear  material  consists  of  a  straight  or  curved 
rod-like  body  with  rounded  blunt  ends,  and  lies  along  the 
periphery  of  the  parasite.  The  host  cell  nucleus  is  usually 
displaced  to  one  extremity  of  the  corpuscle.  Parasites,  inter- 
mediate in  size,  were  found.  Most  contain  a  large,  oval 
nuclear  mass  of  densely  stained  chromatin,  centrally  placed. 
In  a  few  the  nucleus  appears  to  consist  of  a  twisted  skein- 
like mass  of  chromatin,  and  the  parasites,  in  which  this 
occurs,  may  be  surrounded  by  a  capsule. 

Multiplication  forms  were  found  in  all  the  organs;  most 
abundantly  in  the  lung,  liver,  and  spleen.  Forms  enclosed 
in  cells,  probably  endothelial  cells,  and  corresponding  to  the 
micro-  and  macro-  merozoites  of  other  authors  were  found. 
The  commonest  number,  determined  by  study  of  serial  sec- 
tions, of  '*  micro-merozoites  "  appears  to  be  sixty-four ;  of 
the  **  macro-merozoites "  eight.  Curved  vermicular  forms 
were  found  in  pairs  and  fours  enclosed  in  cyst  membranes 
within  endothelial  cells.  A  more  detailed  description  of  the 
stages  found  in  tissues  will  appear  in  another  publication. 

Hemogregarines  in  Varanus  niloticus  have  been  described 
by  Laveran,^*  Laveran  and  Pettit,^  and  Franca,**  in  Varanus 
griseus  by  Nicolle  and  Comte,"  and  in  Varanus  arenarius  by 
Bouet.*"  In  our  case  none  of  the  folded  vermicular  forms 
in  red  cells  described  by  Laveran^  and  Laveran  and 
Pettit*  were  found.  The  description  and  measurements 
given  by  Franca  **  agree  quite  closely  with  ours,  and  it  seems 
probable  as  he  suggests  that  there  are  two  species  of  hemo- 
gregarines to  be  found  in  Varanus  niloticus.  The  com- 
parison of  the  multiplication  forms  found  in  the  tissues,  to 
be  described  later,  with  those  described  by  Laveran  and 
Pettit  ^  may  furnish  the  required  evidence. 

DISCUSSION. 
A  list  of  the  animals  examined  is  given  on  pages  196  and 
197  ;  altogether  fifty  species  and  one  hundred  and  seventy-five 
individuals,  exclusive  of  man,  were  examined.     The  following 
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is  a  list  of  the  parasites  found  in  them  together  with  the 
hosts  in  which  they  were  found : 

Trypanosome  in  a  hornbill  (Lophoceros  nasatus). 

**  **    dove  (Streptopella  vinacea). 

"  "    bush  fowl  (Francolinus  sp.). 

^    -.       ,   ,  .    N   r  Agama  colonorum. 

"  •*    lizard  (2  species)  <  .^ 

I  Lygosoma  sp. 

Spirochetes  in  an  antelope  (Hippotragas  eqainus). 

Piroplasmata  "        "  "  " 

LeucocytozoSn  in  a  bosh  fowl  (Francolinus  sp.). 

'  Vinago  nudirostris. 

Streptopella  vinacea. 

Turtur  senegalensis. 

Numida  meleagris. 

Lissotis  melanogaster. 

Ptilopachus  fuscus. 

Francolinus  sp. 

Balearica  pavonina. 
^  Neophron  monachus. 
A  pigmented  hemacytozoon  in  a  lizard  (Agama  colonorum). 
Hemogregarines  in  a  monitor  (Varanus  niloticus). 
Leucocytogregarina  in  a  vulture  (Neophron  monachus). 

In  several  instances  parasites  probably  identical  with  these 
have  been  seen  by  other  observers.  It  seems  unnecessary 
to  give  every  possible  reference  to  their  works,  since  these 
papers  can  be  found  so  easily  by  an  inspection  of,  for 
example,  the  Bulletin  of  the  Pasteur  Institute.  Conse- 
quently, we  have  given  references  only  when  the  point  in 
question  seems  to  demand  it.  Some  of  these  parasites  are 
probably  described  here  for  the  first  time.  We  still  believe  • 
that  protozoon  parasites  ought  not  to  receive  names  until 
their  specificity  has  been  established ;  but  for  convenience  of 
reference  we  suggest  that  the  name  of  the  host  in  which  they 
were  found  be  used  as  the  specific  name  of  the  new  parasites 
described  in  this  paper. 

The  results  of  the  few  examinations  on  which  this  paper  is 
based  indicate  once  again  that  there  is  universal  infection  by 
protozoon  parasites  among  animals  inhabiting  tropical  Africa. 

[We  are  indebted  to  Samuel  Henshaw,  Director  of  the  Museum  of  Com- 
parative Zoology,  Harvard  University,  for  the  identification  of  most  of  the 
birds  and  small  animals  named  in  this  paper.] 
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EXPLANATION  OF  PLATES. 

All  the  illustrations  accompanying  this  paper  have  been  drawn  with  the 
aid  of  the  camera  lucida.  The  objects  were  traced  at  the  level  of  the  desk 
top.  The  magnifications  have  been  determined  as  accurately  as  possible, 
and  are  not  uniform  save  for  the  series  of  parasites,  with  a  few  exceptions, 
from  a  given  case.  The  dimensions  given  have  been  determined  for  each 
optical  system  used,  both  by  tracing  the  stage  micrometer  (i  mm.  in  100) 
upon  paper  with  the  camera  lucida,  and  by  means  of  a  micrometer  ocular. 
Zeiss  apochromatic  objectives  2  mm.  and  1.5  mm.  and  compensating 
oculars  6,  8,  and  12  were  used. 

In  the  reproduction  the  figures  have  been  reduced  .08  diameters  from 
the  original  painting. 

Plate  X. 
Trypanosomes  from  Roan  Antelope.     (Page  200.) 
Fig.  I.  —  Obj.  1.5  mm.  and  oc.  12.    3,660  diameters. 
Fig.  2.  —  Obj.  2  mm.  and  oc.  12.     2,720 diameters. 

Spirochetes  from  Roan  Antelope,     (Page  200.) 
Figs.  3,  4,  and  5.  —  Obj.  1.5  mm.  and  oc.  12.    3,660  diameters. 

Piroplasma.    Roan  Antelope.     (Page  201.) 
Fig.    6.  —  Parasite  i  micron  in  diameter.     Round  form. 
Fig.    7. —        '*         .6  by  I  micron.     Dividing  form? 
Fig.    8.  —        **         .8  micron  long. 
Fig.    9. —        **       1.7  microns  '*      **Bacillary  form." 
Fig.  10.  —        *'       2.2        ''        "  •*  " 

Fig.  IX.  — Two  parasites  in  same  corpuscle,  1.6  and  1.4  microns  long. 
Fig.  12.  —  Bigeminal  form;  individuals  are  1.6  and  1.4  microns  long. 
Fig.  13.  —  Parasite  1.8  by  1.4  microns  and  chromatin  body  .6  micron 
in  diameter. 
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Flagtllated  Organisms  from  Blood  of  Roan  AnUlope,     (Page  aoi .) 
The  source  of  these  may  have  been  from  the  alimentarj  tract 
Figs.  14,  15,  and  16.  —  Obj.  1.5  mm.  and  oc.  13.    3,660  diameters. 
Figs.  17,  x8,  and  19.  — Obj.  2  mm.  and  oc.  8.    1,860  diameters. 

Leucocyiogrtgarina  from  Vulture,     (Page  202.) 
All  drawn  with  obj.  2  mm.  and  oc.  8.     1,860  diameters. 
Figs.    20,  21,  22,  and  23.  —  Parasites  in  mononuclear  non-granular 
leucocytes. 
Fig.  24.  —  Parasite  in  an  eosinophilic  leucocyte. 
Fig.  25.  —  Parasite  in  a  neutrophilic  leucocyte. 

Trypanosomes  of  HornbilL     (Page  203.) 
Obj.  2  mm.  and  oc.  8.     1,860  diameters. 
Fig.  26.  —  Large  type. 
Fig.  27.  —  Small  type. 

Trypanosome  of  Dove,     (Page  204.) 
Fig.  28.  —  Obj.  1.5  mm.  and  oc.  12.    3,660  diameters. 

Trypanosomes  of  Francolin  Bush  Fowl,     (Page  205.) 
All  drawn  with  obj.  2  mm.  and  oc.  8.     1,860  diameters. 
Fig.  29.  —  Trypanosome  with  sharp  posterior  extremity. 
FiGS.  30  and  31.  —  Trypanosomes  with  blunt  posterior  extremity. 

Trichomonads  from  Francolin  Bush  Fowl,     (Page  205.) 
Fig.  32.  —  Obj.  2  mm.  and  oc  8.     1,860  diameters. 

Plate  XI. 
Leucocytosoa  of  Francolin  Busk  Fowl.     (Page  205.) 
All  drawn  with  obj.  2  mm.  and  oc  8.     1,860  diameters. 
Figs.  33,  34,  and  42.  — Adult  female  parasites. 
Figs.  35  and  36.  —  Adult  male  parasites. 

Figs.  37,  38,  39,  and  40. —Small  or  young  forms.    Fig.  39  probably 
represents  a  young  male  form. 
Fig.  41.  —  Large  rounded  adult  female  parasite. 

Trypanosomes  of  a  Litard,     (Page  211.) 
Both  drawn  with  obj.  1.5  mm.  and  oc.  8.     2,440  diameters. 
Fig.  43.  —  Rounded  type. 
Fig.  44.  —  Elongated  type. 

Hemocytotoa  of  a  Lizard.     (Page  212.) 
All  drawn  with  obj.  2  mm.  and  oc.  8.     1,860  diameters. 
FiGS.  45,  46,  47,  48,  49,  50,  and  51. 
Figs.  52  and  53.  —  Bacterium-like  bodies  in  red  cells  of  the  same  lizard. 
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Hemogregarine  of  a  Monitor,     (Page  212.) 
All  drawn  with  obj.  1.5  mm.  and  oc.  8.    2,440  diameters. 
Fio.  54.  —  Large  form,  with  dense  skein-likearrangement  of  chromatin. 
Fig.  55.  —  Small  form. 
Fig.  56.  —  Empty  capsule  remaining  in  red  corpuscle. 

Plate  XII. 
Halteridia  of  Doves,     (Page  209.) 
All  drawn  with  obj.  2  mm.  and  oc.  8.     1,860  diameters. 
Figs.  57  and  58.  —  Adult  male  parasites. 
Fig.  59.  —  Adult  female  parasite. 

Halteridia  of  a  Stone  Pheasant,     (Page  210.) 
All  drawn  with  obj.  2  mm.  and  oc.  8.     1,860  diameters. 
Fig.  60.  —  Smallest  ring  form. 

Figs.  61  and  62.  —  Young  pigmented  forms  with  divided  chromatin. 
Fig.  63.  —  Large  pigmented  form  —  female  ? 
Fig.  64.  —  Large  pigmented  form  —  male? 

Halteridia  of  a   Vulture.     (Page  210.) 
Both  drawn  with  obj.  2  mm.  and  oc.  8.     1,860  diameters. 
Figs.  65  and  66.  —  Adult  forms. 

Halteridia  of  a  Pigeon,  (Page  209.) 
All  drawn  with  obj.  2  mm.  and  oc.  8.  1,860  diameters. 
Fig.  67.  —  Youngest  form  found. 

Fig.  68.  — Triple  infection  of  a  red  corpuscle.     Young  forms. 
Fig.  69.  —  Adult  female  parasite. 
Fig.  70.  —  Adult  male  parasite. 

Halteridia  from  Francolin  Busk  Fowls,     (Page  210.) 
All  drawn  with  obj.  1.5  mm.  and  oc.  8.     2,440  diameters. 
Figs.  71  and  72.  —  Young  form;   sizes    1.4  z  1.8  microns  and  1x2 
microns  respectively. 
Fig.  73.  —  Lobed  form.     Size  of  each  division  .8  micron. 
Fig.  74.  —  Young  pigmented  form.     Size  1.8  x  2.2  microns. 
Fig.  75.  —  Largest  form  seen.     Size  2.2  x  4  microns. 
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THE  PATHOLOGICAL  ANATOMY  OF  NATURAL  AND  EXPERT- 
MENTAL  MURRINA  —  A  TRYPANOSOMAL  DISEASE  OF 
THE  ISTHMUS   OF   PANAMA.* 

S.  T.  Darling,  M.D. 

{Chief  of  Laboratory f  Isthmian  Canal  Commission.) 

{From  tkt  Board  of  Health  Laboratory ^  Amcom,  Canal  Zone.) 

While  the  pathological  anatomy  of  trypanosomiasis  fur- 
nishes an  interesting  and  extensive  field  for  study,  little  has 
been  done  until  recently,  for  the  reason  that  demands  for  the 
investigation  of  methods  of  control  and  treatment  have  been 
more  urgent.  Baldwin,^  Breinl,^  Mott,'  Claude,*''^  and  Ren- 
aud,  Laveran,^  and  Roudsky,'  with  others,  have  contributed 
to  the  pathological  anatomy  of  trypanosomiasis  of  various 
species ;  and  Pettit  ®  recently  has  published  some  excellent 
observations  on  the  transformation  in  the  liver  caused  by 
eight  species  of  pathogenic  trypanosomes. 

The  object  of  this  paper  is  to  present  some  observations 
on  the  pathological  changes  elicited  in  a  variety  of  animals 
naturally  and  experimentally  infected  with  Tr.  hippicum, 
Darl.  This  trypanosome  is  the  cause  of  a  fatal  disorder 
among  horses  and  mules  in  the  Republic  of  Panama  and  the 
Isthmian  Canal  Zone.  The  disease  is  known  locally  by  the 
names  Murrina,  Derrengadera  and  Morina  dc  Cadera.^' ^^  "•  ^^ 

The  observations  are  based  on  experiments  with  native 
horses,  American  mules  and  work  horses,  dog,  raccoon, 
monkeys,  —  Cebus  hypoleucus,  Nyctipithecus  sp.,  rabbits, 
guinea-pigs,  rats,  mice,  and  coati.  Thus  the  pathological 
reactions  in  several  classes  of  animals  were  determined. 

The  pathological  anatomy  of  Murrina  is  of  interest,  not 
only  from  a  scientific  or  systematic  viewpoint,  in  which  the 
various  pathological  reactions  elicited  by  Tr.  hippicum  in  a 
variety  of  animals  are  noted,  .but  also  from  the  point  of 
view  of  the  teacher,  for  it  affords  an  excellent  means  for 
exhibiting  the  following  characteristics  of  trypanosomiases 
in  general :   Emaciation,  edema  and  effusions ;  ecchymoses, 

*  Received  for  publication  Feb.  19,  191a. 
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petechial  and  hemorrhages  of  the  epi-  and  endo-  cardium, 
peritoneum^  pleura,  and  kidney;  iridocyclitis,  blepharitis, 
dermatitis,  and  conjunctivitis ;  anemia,  lymphocytosis,  auto- 
hemagglutination ;  hyperplasia  of  spleen,  lymph  nodes  and 
bone  marrow ;  phagocytosis  of  trypanosomes  and  red  blood 
cells ;  various  types  of  acute  nephritis  —  interstitial,  diflfuse 
and  glomerular  —  and  hepatic  necrosis. 

Trypanosomiasis  and  spirochetosis  of  animals  are  deserv- 
ing of  far  wider  use  in  the  experimental  study  of  disease 
processes  than  is  given  them ;  and  as  a  living,  always  demon- 
strable strain  of  trypanosomes  may  be  kept  in  laboratory 
animals  for  months  it  lends  itself  well  for  purposes  of 
demonstration. 

In  general,  the  pathological  reactions  in  trypanosomiases 
are  characteristic,  and  the  specific  diseases  will  be  found 
to  have  correspondingly  specific  lesions.  To  illustrate: 
iridocyclitis  is  one  of  the  lesions  caused  by  pathogenic  try- 
panosomes, but  certain  species  of  trypanosomes  provoke  it 
only  in  certain  genera  of  animals.  Laveran  mentions  its 
occurrence  in  cats  in  Nagana.  On  the  other  hand,  in 
Murrina  it  has  been  observed  in  Nyctipithecus,  dogs,  and 
the  raccoon.  Nephritis  is  encountered  in  all  forms  of  try- 
panosomiasis and  in  most  varieties  of  animals,  but  its  type 
varies  similarly.  In  Murrina,  for  example,  the  glomerulus 
is  a  very  common  point  of  attack  in  mules  and  horses,  while 
in  some  of  the  smaller  mammals  the  lesions  are  interstitial 
and  tubular  Cmonkeys  and  coati),  while  in  still  others  only 
parenchymatous  changes  have  been  observed  (guinea-pigs, 
rabbits,  and  rats).  Widespread  ecchymoses  and  petechias 
are  usually  seen  in  Nagana  and  Murrina,  but  never  to  the 
same  extent  in  Mai  de  Caderas,  Surra,  or  Dourine.  In 
Surra  the  petechiae  appear  to  be  confined  to  mucous  sur- 
faces. Blepharitis,  conjunctivitis,  and  dermatitis  of  the  ears 
are  constant  in  Murrina  rabbits,  but  were  not  observed  in 
any  other  animal.  On  the  other  hand,  Laveran  reports  that 
one  of  his  Caderas  guinea-pigs  had  a  double  blepharo- 
conjunctivitis with  opacity  of  each  cornea.  Conjunctivitis 
is  common  in  Murrina  horses  and  mules,  but   iridocyclitis 
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has  never  been  observed  in  them.  With  regard  to  the 
nervous  system,  Sleeping  Sickness,  an  infection  by  Tr.  gam- 
biense  calls  forth  a  perivascular,  round-cell  deposit  in  the 
brain.  This  cerebral  lesion  seems  to  be  peculiar  to  man. 
It  does  not  occur  in  Murrina.  A  lymphoid  cell  infiltration 
in  necroses  near  the  portal  spaces  of  the  liver  studied 
recently  by  Roudsky  and  by  Pettit,  in  the  white  mouse,  has 
been  seen  in  Murrina  guinea-pigs,  white  mice,  and  one  mule. 
A  very  striking  change  was  seen  in  the  spleen  of  the  ant 
bear  (coati).  Normally,  the  spleen  of  this  animal  contains 
a  few  megakaryocytes,  but  no  eosinophiles  or  other  bone- 
marrow  elements.  After  infection  by  trypanosomes,  how- 
ever, the  spleen  takes  on,  to  an  intense  degree,  some  of  the 
characters  of  red  marrow,  and  it  contains  many  megakaryo- 
cytes, nucleated  red  cells,  and  some  eosinophiles. 

Pathological  anatomy.  Mules  and  horses.  —  Pathogenic 
trypanosomal  infections  are  associated  with  the  production 
of  and  destruction  of  enormous  numbers  of  these  protozoa, 
and  a  study  of  the  reactions  caused  by  the  trypanosomes 
suggests  that  a  toxin  is  produced  by  the  trypanosome,  or 
host,  which  elicits  the  varied  and  widespread  lesions  in 
infected  animals.  Laveran  ^  and  Pettit  have  recently  shown 
that  toxic  symptoms  may  be  produced  in  mice  by  the  injec- 
tion of  saline  filtrates  of  desiccated  trypanosomes,  Tr.  evansi. 

The  particular  group  of  lesions  noted  in  horses  and  mules 
at  autopsy  depends  on  whether  the  animals  were  sacrificed 
or  permitted  to  die  of  the  disease,  and  also  whether  the 
animal  died  during  the  wet  phase  when  there  is  edema  and 
effusions,  or  during  the  dry  phase  when  there  is  emaciation. 
Very  few  gross  lesions  are  noted  in  animals  sacrificed  before 
the  end  of  the  disease  other  than  emaciation,  edema  of  the 
sheath,  or  lower  belly  wall,  or,  perhaps,  some  serous  fluid  in 
one  of  the  cavities.  Conjunctival  or  nasal  ecchymoses  are 
frequent,  and  there  is  some  splenic  enlargement.  When  a 
horse  or  mule  is  permitted  to  die  of  the  infection,  very 
characteristic  lesions  are  found  and  they  are  fairly  constant. 
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The  spleen  shows  some  enlargement  and  its  capsule,  par- 
ticularly on  the  external  surface,  is  dotted  over  with  petechias 
one  to  two  millimeters  in  diameter  (Fig.  7).  The  more  recent 
ones  are  brighter  in  color  than  the  older,  which  are  reddish- 
brown.  The  pulp  is  not  perceptibly  pigmented,  and  only 
slightly  increased  in  amount.  The  reticulum  is  prominent. 
The  rib  and  femur  marrow  are  hyperplastic  and  the  hyper- 
plasia in  the  femur  is  not  a  diffuse  one,  but  the  marrow 
becomes  cellular  from  the  ends  and  periphery,  gradually 
encroaching  upon  the  yellow  marrow  in  the  interior.  The 
kidneys  are  swollen  and  contain  petechiae  in  the  cortex,  about 
one  millimeter  in  diameter  distributed  just  beneath  the  cap- 
sule. The  renal  lymph  nodes  are  usually  enlarged  and  one 
or  two  of  the  sets  are  frequently  the  seat  of  extensive  hem- 
orrhage. The  endocardium  and  epicardium  usually  contain 
large  and  small  hemorrhages,  often  on  papillary  muscle  or 
mitral  leaflets ;  and  in  the  epicardial  fat  along  the  coronary 
arteries,  near  the  base  of  the  heart  (Fig.  ii).  The  pleurae 
and  peritoneum  have  in  some  cases  been  the  seat  of  numer- 
ous and  extensive  petechiae.  In  the  nasal  and  conjunctival 
mucosae  hemorrhages,  usual  petechial  in  size,  are  seen  at 
some  time  during  the  disease.  Sometimes  there  is  an  exces- 
sive amount  of  clear,  serous,  amber-colored  fluid  in  the 
peritoneal,  pleural,  or  pericardial  cavities,  but  this  is  not 
constantly  found  at  autopsy.  Edema  of  the  sheath,  legs, 
hocks,  or  lower  belly  wall  usually  occurs  during  the  disease, 
but  is  not  constantly  found  at  autopsy. 

Horse  No.  10,  experimentally  infected.  —  Duration  of  disease  fifty-four 
days.  Emaciation  was  extreme.  The  legs  and  belly  wall  were  very 
edematous  and  the  sheath  was  increased  about  four  times  its  normal  size. 
There  was  a  considerable  quantity  of  clear  fluid  in  the  peritoneal  cavity. 
Beneath  the  pleurae,  near  the  apex  of  each  lung,  there  were  petechial 
hemorrhages,  and  many  similar  ones  on  the  upper  surface  of  the  dia- 
phragm. Along  the  coronary  arteries  of  the  heart  and  the  auriculo-ven- 
tricular  junction  on  each  side,  the  petechiae  were  so  numerous  that  they 
made  a  striking  picture.  There  were  a  few,  also,  on  the  endocardium. 
There  was  a  perfect  shower  of  petechias  over  the  surface  of  the  spleen. 
The  kidneys  were  very  pale  and  the  petechias  were  extremely  few  in  num- 
ber and  very  small  in  size.  The  lymph  nodes  at  the  hilum  of  the  kidney 
were  soft  and  hemorrhagic.    No  ecchymoses  in  the  conjunctiva  were  seen. 
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Naturally  infected  mule  No.  305.  —  Sick  about  two  weeks  at  Gatun. 
There  was  some  emaciation,  but  no  edema  of  the  subcutaneous  tissue. 
The  latter  was  of  a  bright  yellow  color.  In  each  pleural  cavity  there  was 
a  large  excess  of  clear  amber  fluid.  The  lungs  were  congested  but  not 
consolidated.  The  heart  muscle  was  pale  and  there  was  a  large  sub- 
endocardial hemorrhage  on  the  mitral  valve  and  one  large  epicardial  hemor- 
rhage. The  cut  surface  of  the  liver  was  swollen  and  yellowish-brown  in 
color.  The  spleen  was  slightly  enlarged,  but  the  pulp  was  not  appreciably 
increased  in  amount.  The  capsule  was  dotted  over  with  red  and  brown 
ecchymoses,  about  two  millimeters  in  diameter.  The  kidneys  were  pale, 
swollen,  and  moist,  with  numerous  sub-capsular  petechias  one  millimeter 
in  diameter.  On  the  diaphragmatic  portion  of  the  peritoneum  there  were 
a  few  ecchymoses.  The  lymph  nodes  at  the  hilum  of  the  kidneys  were 
swollen,  moist,  and  hemorrhagic.  The  intestines  contained  many  nema- 
todes and  the  stomach  and  intestines  were  fiill  of  chyme  and  faeces.  The 
brain  was  negative. 

Naturally  infected  mule  No.  128.  —  Duration  of  disease  not  known. 
There  was  an  excessive  amount  of  amber-colored  fluid  in  each  pleural 
cavity.  The  subcutaneous  tissue  of  the  breast  was  dotted  with  small 
petechias,  one  millimeter  in  diameter,  while  the  tissue  along  the  vertebrae 
was  dark  yellow  in  color  and  edematous.  The  heart  muscle  was  pale  and 
the  epicardial  fat  contained  a  few  small  ecchymoses,  two  millimeters  in 
diameter.  There  was  one  large  endocardial  hemorrhage  on  a  papillary 
muscle  of  the  left  ventricle  and  one  on  a  mitral  leaflet.  The  liver  contained 
several  cavernous  hemangeiomata.  The  spleen  was  slightly  enlarged  and 
there  was  a  moderate  number  of  red  and  brown  capsular  petechias,  about 
two  millimeters  in  diameter.  The  trabeculae  were  distinct  and  the  pulp 
did  not  bulge  on  section.  There  was  a  moderate  number  of  petechiae  in 
the  parenchyma  of  the  kidneys  just  beneath  the  capsule,  one  millimeter  in 
diameter.  The  deeper  portions  of  the  cortex  were  of  a  coarse  yellow 
color,  indicative  of  necrosis.  One  lymph  node  at  the  hilum  of  a  kidney 
was  slightly  swollen  and  red.    The  bladder  contained  nonnal  urine. 

Naturally  infected  mule  No.  359.  —  The  body  was  emaciated,  the  right 
hind  leg  was  slightly  edematous,  and  there  were  a  few  ulcers  on  the  hock. 
There  was  a  slight  excess  of  clear  amber  fluid  in  the  peritoneal  cavity. 
The  underlying  lung  was  edematous  and  congested,  and  contained  much 
frothy  serum  in  the  bronchioles  which  had  normal  mucosae.  The  other 
lung  was  normal.  There  was  one  area  of  hemorrhage  in  a  subpleural 
emphysematous  bulla,  one  and  one-half  centimeters  in  diameter.  The 
heart  contained  several  small  ecchymoses  in  the  epicardium  over  the 
ventricles  and  at  the  apex.  The  endocardium  of  each  ventricle  contained 
many  large  hemorrhages.  The  liver  was  negative.  The  spleen  was 
slightly  enlarged  and  there  was  a  moderate  number  of  red  and  brown 
capsular  ecchymoses,  one  to  two  millimeters  in  diameter.  The  trabeculae 
were  prominent,  but  the  pulp  was  not  increased  in  amount  or  diffluent.    The 
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red  bone  marrow  was  dark  red  and  moist,  but  not  appreciably  hyperplastic. 
In  the  kidneys  there  were  numerous  subcapsular  ecchymoses,  one  milli- 
meter in  diameter.  A  few  were  deeper  in  the  cortex.  The  parenchyma  was 
moist  and  pale,  with  no  evidences  of  necrosis  or  exudation.  The  ureters 
and  the  pelvis  of  the  kidneys  were  thickened  and  the  mucosae  covered  with 
tenacious  mucus.  The  renal  lymph  nodes  were  congested  and  edematous. 
The  bladder  was  contracted  and  its  wall  thickened  (the  animal  had  suffered 
from  incontinence  of  urine).  The  stomach  and  intestines  contained 
many  nematodes. 

Naturally  infected  mule  No.  263.  —  Emaciation  was  very  marked  and 
there  were  conjunctival  ecchymoses  in  both  eyes.  The  right  pleural 
cavity  contained  a  fibrinous  clot.  There  were  epicardial  and  endocardial 
ecchymoses.  The  spleen  presented  many  capsular  ecchymoses.  The 
kidneys  were  negative. 

Naturally  infected  mule  No.  382.  — The  animal  was  very  sick  and  was 
sacrificed.  There  was  emaciation  but  no  edema.  The  heart  contained 
no  endocardial  nor  epicardial  hemorrhages.  There  were,  however,  many 
capsular  petechias  on  the  surface  of  the  spleen.  The  splenic  spaces  were 
not  engorged  and  the  organ  was  not  appreciably  enlarged.  The  kidneys 
contained  many  petechiae  beneath  the  capsule  and  the  renal  lymph  nodes 
were  swollen  and  red. 

Naturally  infected  mule  No.  257.  —  There  was  emaciation  but  no  edema. 
The  heart  contained  epicardial  and  endocardial  hemorrhages  of  large  size. 
There  were  also  some  small  ecchymoses  in  the  epicardium  of  the  first 
portion  of  the  aorta.  The  liver  was  negative.  The  external  surfoce  of 
the  spleen  had  many  brown  and  red  ecchymoses,  but  the  internal  sur£ice 
none.  The  spleen  was  slightly  enlarged,  but  the  pulp  was  not  appre- 
ciably increased  in  amount.  The  kidneys  contained  no  visible  petechias, 
but  the  parenchyma  was  pale,  swollen,  and  moist.  The  lymph  nodes 
draining  the  kidneys  were  swollen  and  of  dark  color.  One  was  greatly 
enlarged  and  friable,  and  contained  a  large  area  of  hemorrhage.  The 
peritoneum  was  negative. 

Naturally  infected  mule  No.  185.  —  The  animal  was  extremely  emaciated. 
There  were  a  few  ecchymoses  on  the  palpebral  conjunctivae.  There  was 
no  edema  of  the  legs,  sheath  or  belly  wall.  The  heart  had  many  epicar- 
dial ecchymoses  along  the  coronary  arteries.  There  were  a  few  ecchy- 
moses on  the  diaphragm,  and  many  petechiae  in  the  capsule  of  the  spleen. 
The  kidneys  contained  numerous  petechiae  and  there  were  hemorrhages 
in  the  renal  lymph  nodes. 

Naturally  infected  mule  No.  204.  —  This  animal  had  been  in  a  sling  for 
two  weeks  and  as  he  was  unable  to  stand  he  was  sacrificed.  Emaciation 
was  moderate  and  there  was  no  edema.     Subconjunctival  ecchymoses 
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were  present.  Several  excoriations  were  noted  corresponding  to  points 
of  pressure  of  the  halter  or  sling.  The  heart  contained  no  endocardial 
nor  epicardial  hemorrhages  (the  animal  was  shot) .  Spleen  contained  a 
few  capsular  ecchymoses  and  the  kidneys  several  petechias  on  the  cut 
surface. 

Naturally  infected  native  pony  No.  397.  —  This  was  the  first  native 
horse  I  had  had  an  opportunity  of  examining  post-mortem,  and  from  this 
case  I  became  convinced  that  the  disease  was  an  endemic  one  and  had 
not  been  introduced  from  the  United  States,  or  elsewhere. 

The  animal  was  emaciated  but  there  was  no  edema.  It  is  said  that  his 
haunches  were  markedly  weakened  and  that  he  had  been  **down"  for 
several  days.  The  lesions  noted  corresponded  closely  with  those  seen  in 
the  American  mules  and  work  horses :  Sub-endocardial  ecchymoses,  epi- 
cardial ecchymoses,  sub-capsular  renal  petechias,  diaphragmatic  ecchy- 
moses (peritoneal),  and  splenic  capsular  ecchymoses. 

Pathological  anatomy  —  other  experimentally  infected 
mammals.  —  A  calf,  hog,  cat,  and  agouti  proved  refractory, 
or  recovered  from  the  infection,  so  that  no  opportunities  were 
presented  for  noting  lesions  in  these  animals,  beyond  the 
fact  that  a  cat  had  dermatitis  of  both  ears. 

Monkeys :  Cebus  hypoleucus  and  Nyctipithecus  felinus  (  ?) .  —  In  Cebus 
the  spleen  was  greatly  enlarged  —  the  typical  spleen  of  anemia.  The 
splenic  pulp  was  greatly  increased  in  amount  and  the  capsule  was  very 
tense.  The  heart  muscle  was  edematous  and  there  were  a  few  epicardial 
ecch3rmoses.    Anemia  of  viscera  was  extreme. 

In  Nyctipithecus  the  spleen  was  also  greatly  enlarged.  Each  eye  in  its 
anterior  chamber  contained  a  large,  gray,  flattened  flake  of  fibrin.  The 
liver  showed  advanced  fatty  metamorphosis. 

Dogs  and  raccoons  showed  nearly  identical  lesions.  Each  eye  con- 
tained a  glistening,  opaque,  grayish-yellow  flake  of  fibrinous  exudate  in 
the  anterior  chamber,  while  the  sclerae  were  perfectly  clear.  The  spleen 
was  much  enlarged,  and  the  Malpighian  bodies  large  and  prominent. 
The  pulp  was  gray  in  color  and  the  capsule  contained  no  petechias.  The 
kidneys  were  enlarged  and  the  parenchyma  swollen,  very  moist  and 
yellowish-gray  in  color.  Beneath  the  capsule  the  surface  was  mottled 
with  ecchymoses  and  light  gray  necroses,  or  areas  of  exudation.  The 
bladder  contained  many  submucous  hemorrhages.  In  the  lungs  there 
were  several  hemorrhages  two  to  three  millimeters  in  diameter.  In  the 
raccoon  there  was  an  ulcer  behind  each  last  upper  molar.     It  was  covered 
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with  a  diphtheritic  exudate  and  probably  corresponds  with  Crombie's 
molar  ulcer. 

An  opossum  showed  no  gross  lesions. 

In  the  coati,  Nasua  narica,  the  spleen  was  enlarged  and  uniformly  dark 
colored  and  on  the  posterior  part  of  the  epicardium  was  a  thin  fibrinous 
exudation. 

Rabbits.  —  In  these  animals  there  was  during  the  disease  a  scaly  derma- 
titis of  the  ears,  edema  of  the  muzzle  and  eyelids,  with  blepharitis  and 
conjunctivitis,  followed  by  alopecia.  The  spleen  of  one  rabbit  was  very 
much  enlarged  at  the  time  of  death,  while  that  of  the  other  was  normal  in 
size.  A  few  petechiae  were  seen  in  the  capsule  of  the  spleen,  there  was 
one  hemorrhagic  lymph  node,  and  some  emaciation. 

Guinea-pigs.  —  Edema  of  the  external  genitalia  and  ears  with  ulceration 
of  the  skin  of  the  scrotum  was  seen.    The  spleen  was  usually  enlarged. 

Rats  and  mice.  —There  was  great  enlargement  of  the  spleen  in  all  of 
these  animals,  the  pulp  being  greatly  distended  and  contained  large, 
yellow  patches  of  necrosis. 

Histopathology  of  equines : 

Mule  No.  531.  —  Liver:  This  animal  was  naturally  infected  and  was 
scarified  by  bleeding.  The  sinusoids  contain  considerable  bronze  pigment, 
which  has  been  phagocyted  by  endothelium  and  circulating  mononuclear 
cells.  There  are  here  also  many  polymorphonuclear  and  mononuclear 
leucocytes,  and  some  very  small  necroses,  limited  to  one  or  two  hepatic 
cells,  in  which  the  latter  have  been  replaced  by  polymorphonuclear  and 
mononuclear  leucocytes.  In  one  portal  space  there  b  a  large  collection 
of  cells  which  occupies  an  area  about  one-fourth  of  a  lobule.  The  cells 
have  replaced  the  peripheries  of  two  adjoining  lobules,  and  have  come 
from  the  blood  stream,  for  the  sinusoids,  hepatic  and  portal  veins  contain 
many  others  like  them.  Most  of  these  cells  are  mononuclear  leucocytes 
of  the  intermediate  type,  and  about  fifteen  to  twenty  per  cent  are  poly- 
morphonuclear. The  mononuclear  cells  have  deeply  staining  plastic 
nuclei  with  irregular  outlines,  and  several  show  mitoses.  They  are  evi- 
dently proliferating  in  their  new  location.  Extending  out  into  Glisson's 
capsule  from  this  patch  are  smaller  lines  of  necrosis  and  infiltration  by 
lymphocytes.  The  hepatic  veins  are  crowded  with  leucocytes  and  large 
round,  oval  and  fusiform  collections  of  bronze,  refractile  pigment,  enclosed 
in  circulating  phagocytes  and  endothelial  cells.  There  are  slightiy  more 
polymorphonuclear  than  mononuclear  cells,  and  the  latter  are  of  several 
types,  some  having  large,  spherical,  vesicular  nuclei  and  others  elon- 
gated plastic  nuclei.    No  hyaline  central  zone  necroses  are  seen,  but  there 
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are  a  number  of  liaear  and  small  peripheral  zone  necroses,  accentuated 
near  some  of  the  portal  spaces  and  also  dotted  throughout  the  lobule. 

Lymph  node :  There  is  diffuse  hyperplasia  of  the  dense  lymphoid  tis- 
sue, the  intermediate  and  large  mononuclear  type  cells  predominating. 
Many  of  the  cords  and  nodes  contain  large  mononuclear  cells  with  ragged 
cytoplasm  and  large  vesicular  nuclei  about  ten  microns  in  diameter. 
There  is  a  polymorphonuclear  increase  in  the  arterioles,  but  no  eosino- 
philia.  A  few  collections  of  bronze  blood  pigment  are  seen  in  all  parts  of 
the  node,  even  in  the  germinal  centers  of  the  follicles. 

Spleen :  The  Malpighian  bodies  are  of  large  size  and  the  pulp  contains 
a  greatly  increased  number  of  large  mononuclear  cells.  Each  Malpighian 
body  has  a  large,  dense,  deeply  staining  core,  consisting  of  large-sized 
mononuclear  cells,  the  latter  having  pale  nuclei.  Toward  the  periphery 
of  the  body  the  cells  are  less  closely  packed  and  have  relatively  more 
cytoplasm.  This  border  is  very  deep  and  shades  off  into  the  pulp,  giving 
the  Malpighian  bodies  an  imusually  large  appearance.  The  peripheries  of 
the  Malpighian  bodies  are  made  up  of  completely  developed,  large  mono- 
nuclear leucocytes,  exactly  like  the  large  circulating  phagocytes  seen  in  the 
liver.  The  extreme  periphery  contains  a  number  of  polymorphonuclear 
and  mononuclear  leucocytes,  the  latter  with  irregularly  shaped,  elongated 
and  plastic  nuclei  resembling  the  polyblasts  of  Maximow,  such  as  are  seen 
in  the  large  portal  areas  of  necrosis  of  the  liver.  The  splenic  spaces  are 
not  distended  by  red  blood  corpuscles,  but  they  do  contain  large  numbers 
of  mononuclear  and  pol3rmorphonuclear  cells,  containing  much  bronze 
refractile  blood  pigment.  There  is  no  eosinophilia  and  no  cells  of  the 
megakaryocyte  type. 

Kidney:  Here  and  there  beneath  the  capsule  are  small  spots  of 
hemorrhage  in  which  the  tubules  are  filled  with  red  blood  cells.  The 
interstitial  tissue  is  not  involved.  Near  these  areas  of  hemorrhage  and 
scattered  throughout  the  organ,  particularly  among  the  straight  tubules, 
are  cellular  casts  composed  chiefly  of  polymorphonuclear  leucocytes  with 
some  red  blood  cells.  In  the  neighborhood  of  the  large  vessels  and  close 
beside  some  of  the  glomeruli  are  collections  of  round  cells,  similar  to  those 
seen  in  the  liver.  Some  have  large  translucent  nuclei,  while  others  have 
elongated,  plastic,  deeply  staining  nuclei,  and  resemble  cells  seen  in  the 
spleen,  liver  sinusoids  and  hepatic  necroses.  The  arterioles  contain  an 
increased  number  of  polymorphonuclear  and  mononuclear  leucocytes,  and 
some  show  mitotic  figures.  The  tubular  epithelium  appears  normal  on  the 
whole,  but  a  few  tubules  have  undergone  necrosis.  The  glomeruli  are 
distended  by  polymorphonuclear  and  mononuclear  leucocytes,  some  of 
which  have  undergone  pycnosis  and  karyorrhexis. 

Mule  No.  359.  —  Liver :  The  hepatic  cells  are  cloudy  and  the  nuclei 
obscure.  The  sinusoids  are  dotted  along  their  course  by  large  collections 
of  brownish-red,  refractile  blood  pigment  (Fig.  9) .  The  leucocytes  are 
increased  in  number,  and  here  and  there  a  hepatic  cell  has  disappeared 
and  its  place  is  taken  by  two  or  three  polymorphonuclear  leucocytes. 
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Kidney :  There  are  some  intertubular  hemorrhages  and  the  lumina  of 
a  number  of  the  tubules  contain  masses  of  red  blood  cells.  Some  of 
these  are  recent,  while  others  show  disintegration.  There  is  some  poly- 
morphonuclear leucocytic  exudation  into  the  tubules  in  association  with 
the  hemorrhages.  The  tubular  epithelium  is  generally  cloudy,  but  the 
glomeruli  everjrwhere  appear  normal. 

Spleen :  The  splenic  spaces  are  not  distended  but  are  moderately  filled 
with  cells  of  the  large  mononuclear  type,  many  of  which  have  phagocyted 
red  blood  cells  (Fig.  8),  and  many  others  contain  brownish-yellow, 
refiiu:tile  blood  pigment.  The  amount  of  phagocytosis  of  blood  cells  and 
pigment  is  enormous. 

Lymph  node :  Scattered  here  and  there  are  large  areas  of  hemorrhage 
into  the  loose  lymphoid  tissue,  and  in  these  places  there  is  considerable 
phagocytosis  of  red  cells  by  large  mononuclear  cells. 

Mule  No.  128.  —  Liver:  There  is  the  usual  amount  of  phagocyted, 
reddish-brown,  refractile  blood  pigment  in  the  sinusoids,  which  are  gener- 
ally wider  and  contain  more  leucocytes  than  usual. 

Kidney :  There  is  some  edema  and  the  intertubular  connective  tissue 
is  slightly  increased  in  amount,  as  well  as  in  Bowman^s  capsule.  There 
are  hemorrhages  and  leucocytic  tubular  casts  as  in  No.  359.  The  glomer- 
uli everywhere  appear  normal. 

Lymph  node:  This  contains  a  number  of  hemorrhages  and  much 
phagocytosis  of  blood  pigment. 

Omentum :  This  contains  a  recent  hemorrhage  with  extensive  leuco- 
cytic infiltration  into  one  portion. 

Mule  No.  546.  —  Liver :  The  endothelium  of  the  sinusoids  does  not 
contain  as  much  phagocyted  blood  pigment  as  usual,  and  there  is  some 
deposit  of  fat  in  the  liver  cells. 

Kidney :  Moderate,  acute  glomerulitis  with  infiltration  of  glomerulus 
by  polymorphonuclear  and  mononuclear  leucocytes,  and  small  points  of 
necrosis.  The  tubular  epithelium  is  cloudy,  but  there  are  no  areas  of 
leucocytic  exudation  here  and  no  hemorrhages. 

Renal  lymph  node:  There  is  diffuse  hemorrhage  into  the  loose 
Ijrmphoid  tissue  (the  autopsy  picture  in  this  case  was  not  at  all  tjrpical, 
but  the  histopathology  is  that  of  Murrina). 

Mule  No.  382.  —  Kidney:  There  is  difiuse  cloudy  swelling  of  the 
tubular  epithelium  with  the  usual  focal  hemorrhages,  and  there  is  a  well- 
marked  acute  glomerulitis  in  which  every  glomerulus  is  the  seat  of  a 
pol3rmorphonuclear  and  mononuclear  leucocytic  infiltration.  The  glomer- 
uli are  distended,  there  is  proliferation  of  the  endothelial  cells  of  the  tuft 
and  several  spots  of  necrosis  are  seen  (Fig.  10).  The  tubular  portion  of 
the  kidney,  excepting  quite  near  a  glomerulus,  shows  no  evidences  of 
leucocytic  exudation. 
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Spleen :  The  Malpighian  bodies  are  of  good  size  and  there  is  the 
usual  amount  of  blood  pigment  and  of  phagocyted  red  blood  cells  in  the 
splenic  spaces. 

Lymph  node :     The  node  is  normal. 

Mule  No.  305.  —  Kidney :  The  usual  picture  of  focal  hemorrhages, 
acute  glomerulitis,  cloudy  swelling  and  a  few  leucocytic  tubular  casts. 

Liver :  The  hepatic  cells  are  full  of  bile  pigment,  the  sinusoids  present 
the  usual  leucocytosis,  and  there  is  an  unusual  amount  of  very  dark  blood 
pigment,  phagocyted,  in  clumps.  Lymph  node :  Extensive  edema  and 
hemorrhage. 

Brain  (Hippocampus  major  and  cerebral  cortex)  :  There  are  no  peri- 
vascular cell  collections  as  in  human  trypanosomiasis.  The  section  is 
quite  normal. 

Omentum :  A  number  of  small  linear  areas  of  hemorrhage.  Adrenal : 
Negative.  Spleen:  The  spaces  are  not  distended,  but  there  is  a  very 
large  amount  of  blood  pigment  in  large  brown  and  black  clumps.  There 
are  also  many  evidences  of  the  phagocytosis  of  red  blood  cells  and  much 
glistening  brown  pigment. 

Endocardium :  Two  large  hemorrhages  in  which  the  blood  has  become 
laked  and  in  which  there  is  no  exudation  nor  organization. 

Mule  No.  363.  —  Kidney :  There  are  some  interstitial  hemorrhages 
and  a  few  of  the  glomeruli  contain  leucocytes  and  mononuclear  phago- 
cytes with  brown  glistening  pigment.  There  is  cloudy  swelling  of  some 
tubules,  and  epithelial  necrosis  in  others.  A  few  hyaline  casts  and  a  few 
leucocytic  plugs  are  seen  in  some  of  the  tubules. 

Spleen:  The  Malpighian  bodies  are  of  good  size  and  the  splenic 
spaces  are  filled  with  phagocyted  obsolescent  red  blood  cells  and  blood 
pigment.     Nothing  suggestive  of  a  myeloid  change  is  seen. 

Liver :  Most  of  the  lobules  exhibit  some  atrophy  of  the  columns  of 
liver  cells  in  the  central  zone  and  some  large  central  areas  of  hyaline  necro- 
sis. There  are  also  small  points  of  necrosis  in  which  polymorphonuclear 
leucocytes  are  phagocyting  the  defunct  hepatic  cells.  The  sinusoids 
everywhere  contain  an  increased  number  of  polymorphonuclear  leuco- 
C3rtes,  phagocyted  blood  pigment  and  phagocyted  red  blood  cells  in  all 
stages  of  decline.  In  the  areas  of  central  zone  necrosis  the  hepatic  cells 
are  cloudy  or  hyaline,  and  the  nuclei  swollen  or  obscure.  There  is  some 
phagocytosis  in  these  areas  by  polymorphonuclear  leucocytes,  but  the 
necrosis  is  primary  and  the  phagocytosis  secondary.  The  red  blood  cells 
stain  well  and  there  are  no  hyaline  or  fibrinous  thrombi  here. 

Lungs:  Negative.  Brain,  cerebral  cortex:  Negative.  Heart:  There 
are  some  small  patches  of  hemorrhage  in  the  endocardium.  Some  of 
them  are  old  and  the  blood  is  laked.  But  there  is  no  exudation  or  organ- 
ization. Lymph  node :  This  node  is  greatly  distended  by  serum  which 
has  coagulated  everywhere,  leaving  a  fibrinous  reticulum.  The  loose 
lymphoid  tissue  is  greatly  distended  by  the  coagulum  in  the  meshes  of 
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which  are  lymphocytes  of  various  types,  the  most  prominent  being  rery 
large  phagocytes  with  single  vesicular  nuclei.  These  cells  have  phago- 
cyted  pol3rmorphonuclear  leucocytes  chiefly. 

Mule  132.  —  Brain,  myocardium  and  adrenals :    Negative. 

Liver :  The  sinusoids  contain  many  polymorphonuclear  leucoc3rtes  and 
blood  pigment.  There  are  some  very  small  areas  of  necrosis  Involving  a 
few  hepatic  cells,  in  which  there  is  a  polymorphonuclear  leucocytic 
infiltration. 

Spleen :     The  usual  pictiu-e  of  phagocyted  blood  pigment. 

Lymph  node :  Several  areas  of  hemorrhage  and  some  hyperplasia  of 
lymphoid  cells.  There  is  a  great  deal  of  phagocytosis  of  red  blood  cells 
by  large  mononuclear  cells. 

Naturally  infected  native  pony  No.  397.  —  Spleen :  The  splenic  spaces 
are  not  distended  and  the  Malpighian  bodies  are  not  differentiated  from 
the  rest  of  the  pulp.  The  cellular  elements  of  the  latter  are  increased  in 
amount,  due  chiefly  to  a  proliferation  of  large  mononuclear  cells.  Very 
rarely  a  megakaryocyte  is  seen,  but  no  eosinophiles  were  detected.  There 
are  very  few  collections  of  blood  pigment. 

Liver :  There  are  a  few  collections  of  phagocyted  blood  pigment  and  a 
slight  but  definite  increase  in  the  number  of  polymorphonuclear  leucocytes 
in  the  sinusoids,  as  well  as  collections  of  bodies  resembling  trypanosorae 
residue  phagocyted  by  endothelial  cells. 

Kidney :  The  endothelial  cells  of  some  of  the  glomeruli  are  swollen 
and  the  tufts  contain  an  increased  number  of  polymorphonuclear  leuco- 
cytes. The  tubular  epithelium  is  slightly  swollen,  many  of  the  nuclei  are 
pycnotic,  and  there  is  a  slight  amount  of  epithelial  necrosis. 

Experimentally  infected  native  pony  treated  with  arsenious  oxide. — 
Adrenal:  Tremendous  distention  of  blood  sinuses  in  the  cortex  (the 
gland  was  a  homogeneous  deep  reddish  brown  color)  and  there  is  much 
hyperplasia  of  the  medulla. 

Femur  marrow :  As  noted  in  the  gross  specimen,  the  central  portion 
of  the  marrow  is  pure  yellow  marrow  substance,  but  toward  the  periphery 
one  encounters  more  and  more  red  myeloid  elements.  One  megakaryocyte 
was  seen  in  which  the  nucleus  suggested  karyokinesis.  There  are  many 
megakaryocytes,  myeloblasts  and  nucleated  red  cells.  There  are  also  col- 
lections of  phagocyted,  moribund  red  blood  cells. 

Histopathology  of  other  mammals  : 

Cebus  hypoleucus.  —  Spleen:  The  splenic  spaces  are  distended  by 
red  blood  cells  and  by  large  round  and  oval  phagocytes,  eighteen  to 
thirty  microns  in  diameter,  which  have  engulfed  red  blood  cells  and 
normoblasts.  The  spaces  also  contain  a  large  number  of  mononuclear 
cells  of  several  types  and  sizes.    In  some  places  there  are  small  collections 


Digitized  by  CjOOQIC 


THE   PATHOLOGICAL  ANATOMY   OF  MURRINA.  23 1 

of  neutrophilic  polymorphonuclear  leucocytes,  but  there  is  no  destruction 
of  tissue.     Blood  pigment  was  not  detected. 

Kidney :  There  are  a  few  interstitial  hemorrhages,  some  of  which  are 
associated  with  the  presence  of  hyaline  tubular  casts.  The  tubular  epi- 
thelium is  generally  normal,  but  in  a  few  places  the  cells  are  swollen, 
granular,  eosinophilic,  and  have  small  pycnotic  nuclei,  rarely  a  glomerulus 
contains  a  few  cells  of  the  polymorphonuclear  or  the  mononuclear  type  with 
excentric  nuclei.  There  are  also  small  interstitial  collections  of  cells, 
chiefly  of  the  mononuclear  excentric  nuclei  type,  and  a  few  polymorpho- 
nuclear leucocytes,  all  of  which  have  wandered  out  of  the  capillaries, 
oftenest  near  a  glomerulus.  They  have  destroyed  the  epithelium  of  the 
tubules  by  phagocytosis,  and  in  a  few  instances  they  can  be  seen  entering 
a  tubule  from  the  capillaries.  The  veins  contain  fibrinous  thrombi  and  an 
excessive  number  of  leucocytes,  the  mononuclear  type  predominating. 

Nyctipithecus.  —  Liver:  Many  of  the  portal  spaces  are  surrounded  in 
an  irregular  and  incomplete  manner  by  collections  of  lymphoid  cells  which 
have  replaced  the  hepatic  cells.  These  lymphoid  cells  are  mononuclear 
in  type,  with  plastic  nuclei  and  some  have  two  or  three  nuclei.  The 
nucleus  is  always  vesicular  and  plastic  and  the  cells  are  exactly  like  the 
mononuclear  cells  in  the  sinusoids.  All  of  the  central  zones  of  the 
lobules  are  paler  than  the  rest  of  the  lobule  and  there  is  much  cloudy 
swelling  and  £aitty  change  in  the  hepatic  cells  in  the  central  zone.  The 
nuclei  are  swollen  and  pale  and  although  the  sinusoids  contain  a  great 
many  polymorphonuclear  and  mononuclear  cells,  the  latter  have  not 
actually  invaded,  nor  occupied,  the  hepatic  cells  of  the  central  zone.  The 
portal  veins  and  sinusoids  contain  a  great  many  large  mononuclear  and 
polymorphonuclear  cells.  The  endothelial  cells  of  the  sinusoids  are  fre  - 
quently  enormously  swollen.  Their  nuclei  are  very  pale  and  some  of  them 
contain  pale  granules  of  doubtful  nature.  The  hepatic  cells  everywhere 
are  cloudy.  There  are  two  types  of  necrosis  here,  the  central  non-inflam- 
matory and  the  smaller  focal  necroses  associated  with  mononuclear  phago- 
C3rte8.  Some  of  these  latter  are  very  large,  but  none  are  certainly 
megakaryocytes. 

Kidney :  The  tubular  epithelium  has  undergone  a  granular  necrosis 
and  the  nuclei  are  either  obscure  or  pycnotic.  There  is  an  extensive 
infiltration  of  the  intertubular  tissue  by  cells  of  an  intermediate  lymphocyte 
type.  The  nucleus  is  four  to  eight  microns  in  diameter,  the  cells  are 
round,  oval  or  have  ragged  margins.  They  are  ameboid  in  appearance 
and  cannot  be  differentiated  from  similar  cells  in  the  blood  vessels  of  the 
kidney.  They  are  evidently  brought  by  the  circulating  blood  where  they 
wander  out  of  the  intertubular  capillaries  and  are  seen  to  invade  and 
remove  large  portions  of  the  tubular  epithelium.  This  interstitial  mono- 
nuclear cell  exudation  appears  to  be  identical  with  that  described  by 
Councilman  in  scarlet  fever. 

Spleen :  There  is  great  distention  of  the  splenic  spaces  by  several 
kinds  of  cells.    The  Malpighian  bodies  are  not  well  diflerentiated  from  the 
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rest  of  the  pulp,  but  there  are  small  collections  of  lymphoid  cells  scattered 
everywhere.  Only  one  typical  Malpighian  body  is  seen.  This  is  sur- 
rounded by  a  dense  collection  of  mononuclear  cells  with  plastic  nuclei  and 
ameboid  cytoplasm,  exactly  like  the  cells  seen  in  the  kidneys  and  liver. 
The  splenic  spaces  present  an  extraordinary  appearance,  for  they  are  filled 
with  very  large  mononuclear  phagoc3rtes.  They  have  engulfed  red  cells, 
polymorphonuclear  leucocytes,  and  occasionally  other  mononuclear  cells. 
Their  cytoplasm  is  always  turbid  and  in  some  instances  they  appear  to 
have  occluded  the  splenic  spaces.  In  one  area  in  which  polymorphonuclear 
leucocytes  predominate  a  few  megakaryocytes  are  seen,  but  no  eosinophiles. 
Eye :    The  lesions  are  identical  with  those  of  the  raccoon. 

Raccoon.  —  Liver :  There  are  no  collections  of  cells  around  the  portal 
spaces,  nor  in  any  part  of  the  lobule.  The  hepatic  cells  in  places  are 
slightly  hyaline,  while  others  show  very  marked  hyaline  degeneration  with 
fatty  change.  The  nuclei  of  the  hepatic  cells  are  generally  swollen  and 
pale  —  rarely  one  is  pycnotic  or  shows  mitotic  figures.  The  sinusoids 
contain  many  collections  of  black,  blood  pigment  granules  enclosed  in 
endothelial  cells.  The  leucocytosis  is  very  slight.  In  the  vessels  a 
number  of  basophilic  red  blood  cells  and  a  few  normoblasts  are  seen. 

Spleen:  The  Malpighian  bodies  are  not  very  conspicuous  for  the 
reason  that  their  constituent  cells  have  an  unusually  large  amount  of 
cytoplasm,  differing  in  this  respect  from  the  hyperplastic  bodies  of  the 
monkey  and  guinea-pig.  The  pulp  is  not  engorged  with  red  blood  cells, 
but  shows  a  considerable  increase  in  the  number  of  large  lymphocytes. 
Polymorphonuclear  leucocytes  are  increased  in  number,  but  there  are  no 
eosinophiles  nor  megakaryocytes.  A  few  granules  of  blood  pigment  are 
seen  and  a  few  bodies,  some  of  which  have  been  phagocyted,  are  sugges- 
tive of  trj'panosome  residues. 

Kidneys :  The  glomeruli  contain  small  clumps  of  polymorphonuclear 
leucocytes  encased  in  hyaline  material.  The  tubular  epithelium  presents 
all  changes  from  cloudy  swelling,  with  various  transitions,  through  hyaline 
to  fatty  change.  The  nuclei  of  the  epithelial  cells  are  swollen,  obscure, 
pycnotic  or  absent.  Some  of  the  tubules  are  widely  distended  and  their 
epithelium  flattened  and  atrophied,  numerous  hyaline  granular  and  cellular 
casts  are  seen.  The  latter  are  made  up  of  neutrophilic  and  eosinophilic 
leucocytes,  large  mononuclear  leucocytes  and  hyaline  epithelial  cells.  The 
most  striking  change  is  the  presence  of  interstitial  collections  of  cells  with 
plastic  nuclei  of  the  large  mononuclear,  small  lymphoid  and  epithelioid 
type,  as  well  as  neutrophilic  and  eosinophilic  leucocytes  of  the  poly- 
morphonuclear type.  These  interstitial  collections  of  cells  correspond 
with  cells  seen  in  the  capillaries  and  blood  vessels  nearby,  and  may  be 
seen  escaping  into  the  interstitial  tissue  and  occasionally  into  the  tubules, 
the  epithelium  of  which  they  replace.  Many  of  these  wandering  cells 
have  very  plastic  outstretched  nuclei  of  bizarre  shape.  Some  of  them 
have  a  nuclear  pseudopodium  and  they  are  actively  ameboid.  The  glomer- 
ular changes  are  in  striking  contrast  with  the  intertubular  on  account  of 
the  absence  of  eosinophiles  and  mononuclear  cells  in  the  former. 
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Eye :  Between  the  sclera  and  the  anterior  surfsice  of  the  lens  U  a 
shrunken  irregularly  flattened  mass  of  fibrin  attached  in  one  or  two  places 
to  the  posterior  surface  of  the  sclera.  This  mass  of  fibrin  has  entangled 
a  good  many  polymorphonuclear  leucocytes  and  a  number  of  squamous 
epithelial  cells.  The  periphery  of  the  flake  of  fibrin  is  richly  dotted  over 
with  polymorphonuclear  leucocytes.  The  desquamated  epithelial  cells 
are  sometimes  single,  but  fi^equently  have  slipped  off  in  flakes  containing 
eight  or  ten  cells.  The  sclera  is  fi^e  fi-om  leucocytes  except  for  a  very 
thin  layer  over  its  posterior  surface.  The  pigmented  iris  contains  a  great 
many  medium  sized  lymphoid  cells  of  the  plasma  cell  type,  together  with 
a  smaller  number  of  poljrmorphonuclear  leucocytes.  The  arterioles  are 
filled  with  fK>lymorphonuclear  and  mononuclear  leucocytes  and  a  very  few 
red  blood  cells.  The  endothelial  cells  of  the  arterioles  are  very  much 
swollen  and  leucocytes  can  be  seen  passing  through  the  wails.  The  sur- 
fiice  of  the  ciliary  body  shows  an  exudation  of  various  leucoc3rtes,  chiefly 
polymorphonuclear.  Here  and  there  are  collections  of  two  or  three  to  a 
dozen  deeply  staining  bodies,  free  or  intracellular,  in  what  appear  to  be 
the  fixed  cells  of  the  body.  They  are  very  suggestive  of  trypanosome 
residues.  The  arterioles  of  the  fringe  of  the  ciliary  body  are  free  from 
leucocytes.  In  the  ciliary  body  near  the  attachment  of  the  iris  a  few 
capillaries  contain  an  excessive  number  of  leucocytes.  There  is  also  an 
interstitial  increase  in  cells  of  the  plasma  cell  type.  The  distinctive 
lesion  is  in  the  iris  and  anterior  chamber. 

Coati.  —  Liver :  There  is  no  cellular  proliferation  or  exudation  around 
the  portal  spaces  nor  in  any  part  of  the  lobule,  but  there  has  been  a  great 
loss  of  substance  in  the  intermediate  zone,  for  many  of  the  hepatic  cells 
have  disappeared  leaving  a  few  islands  of  swollen,  hyaline,  hepatic  cells. 
Id  other  zones,  however,  there  has  been  no  necrosis  and  the  hepatic 
cells  contain  many  dark  pigment  granules,  probably  related  to  bile.  The 
sinusoids  are  engorged  with  blood  and  they  contain  a  slight  increase  in 
the  number  of  polymorphonuclear  leucoc3rtes. 

Spleen :  The  Malpighian  bodies  are  not  appreciably  enlarged,  but  the 
splenic  spaces  are  distended  by  red  blood  cells  and  by  an  increase  in  the 
number  of  Ijrmphoid  cells.  The  Malpighian  bodies  are  made  up  of  large, 
round,  and  oval  l3anphoc3rtes,  with  a  few  epithelioid  cells  and  eosinophiles 
of  the  polymorphonuclear  and  myelocyte  tjrpe.  The  pulp  presents  an 
unusual  appearance  on  account  of  its  resemblance  to  red  marrow,  for  it  con- 
tains many  eosinophilic  myelocytes  and  megakaryocytes  (Fig.  3) .  Signs  of 
great  activity  are  seen.  The  walls  of  the  sinuses  are  made  up  of  cuboidal 
cells,  having  an  eosin  staining  fibrilla ted  cytoplasm,  the  nuclei  of  which 
frequently  show  mitoses.  Lymphoid  cells  can  be  seen  making  their  way 
through  the  walls  of  the  sinuses.  Megakaryocytes  are  seen  in  the  wall  or 
lumen  of  a  sinus.  The  sinuses  contain  at  times  nothing  but  red  blood 
cells ;  at  others  large  lymphoid  cells  and  eosinophilic  polymorphonuclear 
and  myelocytic  leucocytes,  while  others  contain  all  of  these  and  in  addi- 
tion what  appear  to  be  ghosts  of  basophilic  degenerated  red  blood  cells 
and  trypanosome  residues. 


Digitized  by  CjOOQIC 


234  DARLING. 

When  the  normal  spleen  of  this  animal  is  compared  with  one  in  try- 
panosomiasis it  is  noticed  that  the  volume  of  the  former  is  much  smaller 
than  that  of  the  latter,  and  that  the  Malpighian  bodies  are  correspond- 
ingly smaller.  Similarly,  there  is  less  lymphoid  hyperplasia  in  the  normal 
spleen  (Figs.  4  and  5).  The  general  architecture  is  about  the  same, 
though  the  acinus-like  splenic  spaces  which  showed  signs  of  such  activity  in 
the  trypanosome  infected  animal  are  here  made  up  of  spindle  or  endothe- 
lial-1  ike  cells,  with  some  transitions  into  the  cuboidal  type.  In  the  normal 
spleen  there  is  no  eosinophilia,  but  there  are  numerous  nucleated  red  cells 
and  rarely  a  megakaryocyte. 

Guinea-pig.  —  Liver :  Each  portal  space  contains  a  collection  of  cells 
with  large  round  or  oval  vesicular  nuclei  and  little  cytoplasm,  a  few  epi- 
thelioid cells  and  polymorphonuclear  leucocytes,  but  no  eostnophiles  nor 
megakaryocytes  (Fig.  i).  These  lymphoid  cells  surround  the  vessels  and 
bile  ducts  and  are  several  layers  thick.  Besides  these  portal  col- 
lections, others  are  seen  in  every  zone  as  well  as  beside  the  hepatic  vein. 
The  hepatic  cells  show  extensive  and  diffuse  hyaline  change  and  each  cell 
contains  a  large  amount  of  fat.  The  nuclei  of  the  hepatic  cells  are 
swollen  and  vesicular.  In  some  spots  the  hepatic  cells  have  entirely 
melted  away,  and  here  there  are  areas  of  hemorrhage  and  some  leucocytic 
infiltration.  The  sinusoids  contain  collections  of  agglutinated  trypano- 
somes  or  their  residues  all  along  their  courses,  and  in  addition  an  increased 
number  of  polymorphonuclear  leucocytes  and  mononuclear  phagocytes. 
These  latter  have  engulfed  trypanosomes,  and  their  cytoplasm  b  hyaline. 

Spleen :  There  is  hyperplasia  of  the  Malpighian  bodies.  The  splenic 
spaces  are  filled  with  red  blood  cells,  clusters  of  trypanosomes,  a  great 
variety  of  cells  of  the  lymphoid  type  and  polymorphonuclear  leucocytes. 
A  few  of  the  mononuclear  cells  are  small  lymphocytes  in  type,  but  by  fsu* 
the  greater  number  are  large  cells  with  round  or  oval  vesicular  nuclei, 
some  of  which  show  mitotic  figures.  These  latter  are  most  numerous  in 
the  Malpighian  bodies,  which  are  almost  entirely  composed  of  them.  In 
addition,  there  are  a  few  megakaryocytes,  but  no  eosinophiles.  In  addi- 
tion to  other  elements  the  splenic  spaces  contain  a  number  of  large 
mononuclear  cells  which  have  engulfed  trypanosomes,  nucleated  remnants 
and  red  blood  cells. 

Ear:  The  ear  had  often  been  pinched  and  cut  while  making  blood 
smears  and  this  trauma  may  have  had  some  influence  in  determining  the 
lesions  noted.  There  is  a  very  striking  large  perivascular  collection  of 
lymphoid  cells  and  some  with  plastic  nuclei.  They  are  to  be  seen  making 
their  way  through  the  vessel  wall.  These  collections  of  cells  extend 
along  each  side  of  the  ear  cartilage  and  invade^  the  striated  muscle  in 
some  places.    The  skin  has  remained  normal. 

Testicle :  Essentially  the  same  change  noted  in  the  ear,  but  there  has 
been  more  exudation  and  some  atrophy  of  the  epithelium  and  ulceration. 
Some  of  the  striated  muscle  fibers  have  atrophied  and  are  infiltrated  by 
leucocytes.    Deep  sections  show  peri-  and  epi-  neural  round  cell  exudation. 
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The  corpus  cavernosum  contains  a  greatly  increased  number  of  polymor- 
phonuclear leucocytes.  There  are  extremely  few  trypanosomes  uniformly 
distributed  in  the  blood  of  the  corpus  cavernosum  compared  with  the 
number  in  the  peripheral  blood  at  the  time  of  death,  but  this  is  accounted 
for  by  the  very  large  amount  of  phagocytosis  of  trypanosomes  and  red 
blood  cells  and  of  agglutination  of  trypanosomes  caught  in  fibrinous 
tangles  in  the  blood  sinuses. 

Rat.  —  Liver :  The  sinusoids  contain  an  excessive  number  of  poly- 
morphonuclear leucocytes.  There  are  many  trypanosomes  but  no  blood 
pigment.  A  number  of  small  areas  of  necrosis  involving  about  a  dozen 
hepatic  cells  are  seen.  Here  the  hepatic  cells  are  more  or  less  completely 
replaced  by  mononuclear  and  polymorphonuclear  leucocytes.  These 
necroses  are  in  all  zones  of  the  lobules.  In  addition,  there  are  many 
lobules  in  which  the  central  part  of  the  intermediate  zone  has  undergone 
coagulative  or  hyaline  necrosis  with  fatty  change  (Fig.  6) .  The  nuclei  of 
the  hepatic  cell  are  pycnotic,  usually  much  swollen  and  fragmented. 
Elsewhere  the  nuclei  of  the  hepatic  cells  are  swollen.  The  vessels,  par- 
ticularly the  smaller  ones,  contain  many  tangles  of  trypanosomes.  There 
are  no  collections  of  lymphoid  cells. 

Spleen :  The  Malpighian  bodies  are  not  very  well  defined  for  there  is 
considerable  diffused  lymphoid  hyperplasia.  The  splenic  sinuses  are 
filled  with  red  blood  cells,  agglutinated  trypanosome  residues  and  many 
large  cells  of  the  endothelial  type,  which  have  undergone  hyaline  change. 
Their  nuclei,  usually  round  or  oval,  frequently  show  pycnosis,  karyorrhexis 
and  giantism.  These  cells  often  contain  fine  granules  of  bronze  blood 
pigment,  or  rarely  coarse  granules,  such  as  is  seen  in  the  horse.  A 
few  megakaryocytes  are  seen.  There  is  much  necrosis  of  individual 
cells  throughout  the  spleen. 

Kidney :  Cloudy  swelling  and  a  small  amount  of  epithelial  necrosis  of 
the  tubular  epithelium.  In  neighboring  epithelial  cells  there  is  giantism 
of  the  nucleus  and  pycnosis. 

Mouse. — Liver:  The  columns  of  hepatic  cells  are  atrophied  and  the 
sinusoids  are  filled  with  polymorphonuclear  and  mononuclear  leucocytes, 
red  blood  cells,  and  trypanosomes.  The  nuclei  of  the  hepatic  cells  are 
greatly  enlarged  and  pycnotic.  Some  of  the  hepatic  and  portal  veins  are 
surrounded  by  collections  of  polymorphonuclear  and  mononuclear  leuco- 
cytes thirty  to  forty  microns  wide.  These  have  replaced  the  hepatic  cells 
and  may  be  seen  passing  through  the  vessel  walls.  Scattered  over  the 
lobules,  without  regard  to  zone,  are  many  smaller  areas  of  necrosis  of 
hepatic  cells  and  their  replacement  by  leucocytes.  Eosinophiles  and 
megakaryocytes  are  absent.  The  vessels  are  all  filled  with  agglutinated 
trypanosomes. 

Spleen :  The  increased  volume  of  the  spleen  is  due  to  the  engorge- 
ment of  splenic  spaces  by  red  blood  cells.  There  are  numerous  large 
collections  of  polymorphonuclear  leucocytes  in  the  pulp  and  some  show 
considerable  nuclear  fragmentation.    There  is  much  hyaline  necrosis  in 
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all  portions  of  the  spleen  except  the  Malpighian  bodies.    Eosinophiles  are 
absent  but  the  megakaryocytes  are  definitely  increased  in  number,  there 
being  a  small  number  normally  in  the  spleen  of  this  animal. 
Kidney :    No  change  beyond  an  infection  by  Klossiellia  muris. 

Hemosiderin  reaction.  —  Fresh  tissue,  smears,  and  sec- 
tions of  tissue,  when  treated  for  iron  containing  pigment, 
show  the  presence  of  hemosiderin  in  considerable  amounts 
in  certain  viscera,  particularly  the  spleen.  In  the  mules  and 
horses  and  some  of  the  infected  small  mammals,  the  spleen 
at  the  time  of  death  contained  large  amounts  of  hemosiderin. 
The  liver,  heart,  kidneys  and  bone  marrow  contained  much 
less  and  this  was  seen  chiefly  in  the  connective  tissue  lymph 
spaces  around  the  vascular  trunks.  The  portal  spaces  in 
the  liver  took  the  iron  stain  deeply,  while  the  parenchyma, 
to  gross  appearance,  contained  no  hemosiderin.  Micro- 
scopically, the  liver  sinusoids  contain  large  greenish-blue 
clumps  of  hemosiderin  corresponding  with  the  phagocyted 
blood  pigment  noted  in  the  stained  sections.  The  spleen 
also  contains  large  clumps  of  hemosiderin,  some  of  which 
are  free  and  some  phagocyted. 

Blood  changes.  —  There  is  a  progressive  anemia,  in  some 
animals  the  blood  becoming  very  thin  and  pale.  Auto- 
agglutination  of  red  blood  cells  can  always  be  detected.  A 
lymphocytosis  is  constant.  The  blood  pictures  in  several 
animals  are  shown  in  the  following  table : 

MULB  239.  March  17.  March  23. 

Polymorphonnclcar  leucocytes 60  49 

Small  lymphocytes 18  19 

Large  mononuclear  leucocytes 18  25 

Eosinophiles 4  7 

April  4.  July  x6. 

Red  blood  cells 2,584,000        1,672,000 

Leucocytes 12,700  37,200 

Mule  520.  March  18. 

Polymorphonuclear  leucocytes 26 

Small  lymphocytes .' 39 

Large  mononuclear  leucocytes 34 

Myelocytes i 
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Mule  228.  March  17.  March  23. 

Polymorphonuclear  leucocytes 24  19.3 

Small  lymphocytes 31  31.5 

Large  mononuclear  leucocytes 43  45.5 

Eosinophiles 2  3.7 

Mule  263.  March  17. 

Pol3rmorphonuclear  leucocytes 44 

Small  lymphocytes 25 

Large  mononuclear  leucocytes 31 

Mule  257.  March  26. 

Polymorphonuclear  leucocytes 45 

Small  lymphocytes 32 

Large  mononuclear  leucocytes 23 

Mule  487.  March  11.        March  14. 

Polymorphonuclear  leucocytes 31                    51 

Small  lymphocytes 45                    36 

Large  mononuclear  leucocytes 22                    13 

Mast  cell i 

Large  mononuclear  containing  a  phagocyted  red  blood 

cell   I 

Auto-agglutination  of  the  red  blood  cells  occurs  in  many 
animals.  It  appears  in  experimentally  infected  mules  and 
horses  a  day  or  two  before  trypanosomes  are  demonstrable 
in  the  coverslip  preparation,  and  it  lasts  until  death.  In 
guinea-pigs  after  several  weeks  the  phenomenon  disappears 
and  it  disappears  in  animals  that  have  recovered  from  the 
infection  (agouti,  cats).  As  observed  by  Yorke  with  Tr. 
gambiense  the  agglutinins  are  iso,  auto,  and  hetero  in 
nature ;  for  example,  the  blood  serum  of  an  infected  mule 
2igglutinatcd  the  washed  corpuscles  of  normal  rats,  cat,  and 
man.  The  blood  serum  of  naturally  infected  native  horses 
agglutinated  the  washed  corpuscles  of  a  normal  horse,  an 
infected  mule,  a  normal  man  and  a  normal  and  infected 
guinea-pig,  and  on  the  other  hand  the  washed  corpuscles  of 
an  infected  native  horse  were  agglutinated  by  his  own  serum 
and  by  that  of  an  infected  mule.  These  reactions,  however, 
do  not  appear  to  be  constant,  possibly  on  account  of  incon- 
stant amount  of  agglutinins,  but  it  would  seem  possible  to 
diagnose    latent   trypanosomiasis    in    mules  and  horses  and 
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Other  animals  by  noting  whether  the  blood  serum  of  a  sus- 
pected animal  contained  notable  amounts  of  agglutinins.  In 
point  of  fact,  this  has  occurred  to  me,  for  while  working 
with  the  blood  of  Mule  318  infected  with  an  avirulent  strain 
of  Tr.  hippicum  I  observed  that  the  blood  serum  agglutinated 
the  washed  corpuscles  of  normal  rat,  cat,  and  man.  This 
mule  had  been  treated  with  arsenic  after  being  experiment- 
ally infected  and  trypanosomes  at  this  time  could  not  be 
demonstrated  in  the  peripheral  blood.  The  agglutinating 
power  of  the  blood  serum  made  me  suspect  that  the  animal 
had  a  latent  infection  and  this  was  true,  for  upon  inoculat- 
ing a  guinea-pig  and  white  rats  with  large  amounts  of  blood 
the  mule  was  demonstrated  to  be  infected  by  the  appearance 
of  trypanosomes  in  the  blood  of  all  sub-inoculated  animals. 
It  would  appear  from  this  observation  that  there  is  a  possi- 
bility of  the  existence  of  latent  infections  in  some  animals 
apparently  cured  by  various  medicaments. 

Examination  of  films  from  spleen,  marrow,  and  liver  of 
infected  animals.  —  Films  show  to  better  advantage  than 
sections  the  presence  and  morphology  of  trypanosomes. 
Obsolescent  trypanosomes  are  encountered  in  rich  infections 
in  smaller  mammals.  Many  of  them  have  been  phagocyted. 
In  the  liver  and  spleen  phagocyted  trypanosomes,  blood 
pigment,  and  red  blood  cells  are  seen,  the  pigment  being 
more  constantly  found  in  large  amounts  in  horses  and  mules 
only.  Phagocyted  trypanosomes  are  better  seen  in  prepara- 
tions of  the  smaller  mammals  which  usually  show  a  higher 
degree  of  infection.  In  horses  and  mules  the  hepatic  cells 
frequently  contain  numerous,  round,  dark  colored  granules, 
not  staining  exactly  like  bile,  but  undoubtedly  closely  related 
to  it.  They  are  definitely  not  hemosiderin.  Trypanosomes 
have  never  been  detected  in  films.  In  the  spleen  there  is  a 
considerable  amount  of  blood  pigment  in  large  clumps,  fre- 
quently it  is  rcfractile  and  stains  red,  brown  or  green,  with 
polychrome  stains.  When  it  has  lost  its  refractility  its  color 
is  a  very  dark  brown  or  black.  When  it  has  recently  been 
phagocyted  it  resembles  obsolescent  red  blood  cells. 
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In  the  coati  the  hepatic  cells  contain  much  bronze  pig- 
ment, while  the  endothelial  cells  contain  masses  of  very  dark 
colored  hemosiderin.  In  guinea-pigs  films  from  the  liver 
contain  many  trypanosomes  in  all  stages  of  decline,  fre- 
quently they  are  agglutinated  and  usually  stain  somewhat 
poorly.  Phagocytosis  of  trypanosome  residues  by  very 
large  mononuclear  cells  is  seen.  From  the  staining  reac- 
tions it  would  appear  that  the  trypanosomes  have  become 
obsolescent  before  phagocytosis  had  occurred.  The  engulfed 
trypanosome  residues  consist  of  little  more  than  a  nucleus 
and  stain  either  deeply  and  homogeneously  or  consist  of  two 
bodies,  the  trophonucleus  and  kinetonucleus,  or  what  appears 
to.  be  a  reduction  of  the  nucleus.  No  blood  pigment  is 
detected.  In  the  spleen  large  mononuclear  phagocytes  have 
engulfed  trypanosomes  residues,  red  blood  cells  and  other 
undetermined  bodies,  probably  basophilic  red  blood  cells. 
There  are  also  many  free  trypanosomes  and  residues.  In 
the  liver  of  a  rat  (M.  alexandrinus)  trypanosome  residues 
had  been  phagocyted  by  polymorphonuclear  leucocytes,  as 
well  as  by  mononuclear  forms.  In  the  liver  of  mice,  besides 
some  phagocytosis  of  trypanosome  residues,  there  are 
masses  of  trypanosomes  in  which  eight  or  twelve  trypano- 
somes had  become  fused,  the  chromatin  filaments  had  dis- 
appeared, but  the  tropho-  and  kineto-  nuclei  were  quite 
distinct.  In  the  spleen  many  free  and  phagocyted  try- 
panosomes were  seen  in  both  polymorphonuclear  and  mono- 
nuclear cells.  The  trypanosome  residues  are  frequently 
in  two  unequal  parts  due  to  an  unequal  splitting  of  the 
nucleus.  When  the  trypanosomal  residues  have  resulted 
from  the  fusion  of  several  trypanosomes,  the  kinetonucleus 
is  seen  to  have  moved  up  close  beside  the  trophonucleus. 


DISCUSSION  AND   SUMMARY. 
Trypanosomiasis  (Murrina)  is  an  intoxication  resulting  in 
cellular  degeneration  and  necrosis.     The  continuity  of  endo- 
thelium is  injured  or  destroyed  and  as  a  consequence  effu- 
sions and  edema  and  terminal  ecchymoses  arise.     The  toxic 
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agents  elicit  certain  reactions  in  the  host ;  namely,  lympho- 
cytosis, auto-hemagglutination,  phagocytosis  of  erythrocytes 
and  trypanosomes,  hyperplasia  of  the  spleen,  bone  marrow 
and  lymph  nodes,  and  cellular  exudations  in  the  kidney, 
liver,  and  elsewhere.  Korke  **  believes  "  that  the  toxic 
product  of  trypaiiosomes  damages  the  osmotic  membranes 
and  increases  their  permeability  to  the  tissue  fluids,  whereby 
the  blood  plasma  is  diluted,  and  that  the  dilute  nature  of  the 
toxic  blood  plasma  facilitates  the  onset  of  edema."  On 
the  other  hand,  this  may  be  explained  by  the  efforts  of  the 
host  to  destroy  or  remove  trypanosomes  which  result  in  the 
elaboration  of  substances,  either  toxic  of  themselves  or 
which  in  combination  with  trypanosome  products  are 
destructive  to  the  hosts  own  cells. 

The  extensive  terminal  ecchymoses  and  petechiae  on  the 
epicardium,  endocardium,  pleura,  peritoneum,  nasal  and 
ocular  conjunctivae,  renal  lymph  nodes  and  kidneys,  are 
certainly  due  to  the  destruction  of  the  continuity  of  the 
endothelium  and  knowing  how  large  a  part  these  endothelial 
cells  play  in  phagocytosis  in  this  infection,  it  may  be  that 
the  endothelium  in  places  is  destroyed  through  some  cyto- 
lytic mechanism  closely  related  to  the  intracellular  diges- 
tion following  phagocytosis. 

The  localized  edema,  the  effusions,  and  the  glomerulitis 
would  seem  to  be  related  to  this  disturbance  of  the  endo- 
thelium. 

The  degree  of  splenic  hyperplasia  varies  inversely  with 
the  size  of  the  infected  animal,  being  greatest  in  the  smaller 
rodents,  and  is  directly  proportional  to  the  anemia  and  to 
the  degree  of  infection  —  the  number  of  trypanosomes  per 
cubic  millimeter. 

The  mechanism  of  the  removal  of  defunct  red  blood  cells 
is  more  evident  in  the  mules,  for  blood  pigment  is  not  so 
much  in  evidence  in  the  smaller  mammals  in  which  the 
erythrocytes  would  seem  to  be  more  rapidly  destroyed. 

The  hepatic  necroses  and  the  collections  of  lymphoid  cells 
in  the  liver  and  kidneys  are  of  special  interest.  There  are 
two  types  of  necrosis :  First,  the  large,  central  zone  areas, 
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in  which  the  hepatic  cells  have  undergone  a  hyaline,  granu- 
lar or  fatty  change,  and  in  which  there  is  usually  no  leuco- 
cytic  exudation.  Second,  the  smaller  areas  found  in  the 
intermediate  and  peripheral  zones  in  which  there  is  a 
polymorphonuclear  and  mononuclear  leucocytic  exudation 
replacing  the  parenchyma.  Each  type  of  necrosis  suggests 
a  different  etiological  factor.  Again,  in  this  infection  there 
is  a  very  marked  lymphocytosis  and  in  many  of  the  areas  of 
necrosis  the  cells  may  be  entirely  lymphoid  in  type  or  pre- 
ponderatingly  so.  This  preponderance  of  lymphoid  phago- 
cytosis, as  in  malaria  and  typhoid  fever,  requires  further 
investigation. 

The  collections  of  cells  in  the  liver,  which  have  been 
studied  in  several  forms  of  trypanosomiasis  by  Pettit,  and 
similar  collections  in  the  kidneys,  are  of  the  polyblast  and 
lymphocyte  type,  and  they  can  be  seen  in  many  locations 
emerging  from  the  arterioles,  capillaries,  and  sinusoids, 
having  come  originally  from  the  spleen,  in  which  organ  they 
may  be  seen  on  the  peripheries  of  the  Malpighian  bodies. 
These  cells  probably  come  from  the  lymph  nodes  and  bone 
marrow  as  well.  The  lesions  in  the  kidneys  are  very  much 
like  those  described  by  Councilman,^*  who,  in  discussing  the 
cause  of  the  focal  and  mononuclear  character  of  the  lesions 
in  his  cases  of  acute  interstitial  nephritis  in  scarlatina,  says : 
*'  There  is  some  ground  for  believing  that  the  physical  con- 
ditions of  the  circulation  may  have  something  to  do  with 
their  accumulation  in  the  vessels  in  certain  places.  It  is 
also  possible  that  in  the  interstitial  foci  there  may  be  solu- 
ble substances  which  exert  a  positive  chemotaxis  for  them 
.  .  .  the  explanation  of  the  foci  cannot  be  found  in 
primary  focal  degeneration  of  the  epithelium  —  for  poly- 
morphonuclear leucocytes  and  not  plasma  cells  are  attracted 
by  degenerated  tissue." 

Himmel  ^*  believes  that  the  intracellular  digestion  of  bac- 
teria is  performed  in  the  presence  of  an  acid,  and  Opie  ^  has 
shown  that  enzyme  contained  in  the  leucocytes  of  an  inflam- 
matory exudate  are  capable  of  digesting  proteid,  both  in 
an  alkaline  and  in  an  acid  medium,  though  their  activity  is 
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greater  in  the  former.  He  also  states  that  it  is  not  improba- 
ble that  the  enzyme  of  the  mononuclear  phagocytes  is  closely 
related  to,  if  not  identical  with,  the  autolytic  enzyme  which  is 
contained  in  various  parenchymatous  organs. 

The  mononuclear  leucocytes  have  their  origin  in  lymphoid 
tissue ;  they  phagocyte  red  blood  cells,  various  other  leuco- 
cytes, trypanosomes,  malarial  plasmodia,  and  spirochetes. 
They  have  an  intracellular  digestive  mechanism  and  a 
digestive  enzyme  known  as  lympho-protase.  The  poly- 
morphonuclear leucocytes  have  their  origin  in  the  bone 
marrow.  They  phagocyte  bacteria  and  are  especially  con- 
cerned in  inflammatory  changes  following  bacterial  infections. 
They  are  also  concerned  in  the  hepatic  necroses  of  eclampsia. 
The  digestive  enzyme  is  leuco-protase.  Considering  these 
observations  of  Opie's  the  pronounced  lymphocytosis  in  the 
peripheral  blood  and  visceral  blood  channels,  the  marked 
predominance  of  mononuclear  cells  in  the  hepatic  necroses, 
particularly  in  the  peripheral  zones  in  certain  animals,  the 
predominance  of  mononuclear  cells  in  the  areas  of  interstitial 
nephritis,  and  in  the  iris  ciliary  body  and  areas  of  dermatitis 
and  orchitis;  the  hyperplasia  of  mononuclear  cells  in  the 
spleen,  lymph  nodes,  and  bone  marrow  with  phagocytosis  of 
red  blood  cells  in  same,  and  the  proliferation  of  mononuclear 
cells  in  the  secondary  deposits  and  in  the  blood  stream, 
suggest  that  the  toxic  agents  of  this  infection  specifically 
attract  and  stimulate  the  production  of  cells  of  the  mononu- 
clear type. 

The  cellular  collections  in  the  liver  necroses  are  phago- 
cytic in  character  and  represent  efforts  to  remove  normal  or 
degenerate  hepatic  cells.  Megakaryocytes  excepting  in  the 
sinusoids  of  the  liver  of  the  raccoon  were  not  detected  in  the 
liver  of  any  of  the  infected  animals.  On  account  of  the  active 
proliferation  by  karyokinesis  in  these  portal  collections  of 
cells,  as  had  been  previously  noted  by  Pettit,  these  cells  in 
the  kidney  and  liver  act  as  temporary  "  field  outfits  "  in  con- 
tradistinction to  "  base  supplies "  and  that  they  are  in 
effect  minute  lymphoid  nodes  from  which  local  supplies  of 
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cells  and  antagonistic  substances  are  sent  out  to  take  part  in 
phagocytosis  and  the  mechanism  of  defence. 

The  blood  destruction  and  the  stimulation  of  the  blood- 
forming  organs  leads  to  hyperplasia  of  the  yellow  bone  mar- 
row and  to  an  interesting  picture  in  the  spleen  of  the  coati, 
guinea-pig»  monkey  (Nyctipithicus),  rat,  and  mouse.  The 
spleens  of  the  coati,  guinea-pig,  rat,  and  mouse  were  found 
normally  to  contain  a  few  megakaryocytes  and  nucleated  red 
cells.  Eosinophiles  were  absent.  Yet,  when  these  animals 
were  infected  with  Tr.  hippicum  the  spleen,  particularly  that  of 
the  coati,  took  on  to  an  intense  degree  the  picture  of  red  bone 
marrow,  in  that  the  megakaryocytes  were  greatly  increased 
in  number,  and  eosinophilic  myelocytes  and  polymorphonu- 
clear leucocytes,  as  well  as  nucleated  red  cells,  were  seen. 
In  this  animal  it  would  appear  that  the  latent  myelopoietic 
function  of  the  spleen  had  been  greatly  augmented.  The 
interstitial  collections  of  cells  in  the  kidney  of  the  raccoon 
contained  here  and  there  some  clumps  of  eosinophilic  poly- 
morphonuclear leucocytes,  but  no  megakaryocytes. 

In  other  mammals  it  was  noted  that  when  megakaryocytes 
normally  were  not  seen  in  the  spleen,  the  trypanosome  infec- 
tion did  not  provoke  their  appearance  in  any  other  location 
than  the  marrow  of  long  bones.  It  is  not  uncommon  to 
encounter  megakaryocytes  in  certain  types  of  anemia  in  man. 
They  are  normally  found  in  the  liver  of  the  human  embryo 
at  the  third  and  fourth  month,  and  Bunting  ^  has  shown  that 
in  provoked  anemia  of  the  rabbit  the  spleen  takes  on  hemo- 
poietic functions  usually  belonging  to  the  marrow.  If  it  is 
true  that  the  megakaryocyte  is  the  parent  blood  cell,  then 
its  appearance  in  its  embryotic  sites  in  the  liver  and  spleen  is 
an  expression  of  the  degree  of  anemia  and  of  blood  regen- 
eration and  of  the  necessity  for  the  proliferation  of  blood 
cells  in  regions  outside  of  the  overtaxed  marrow. 

One  of  the  most  characteristic  features  of  fatal  trypan- 
osomiasis is  the  phenomenon  of  auto-agglutination  of  erythro- 
cytes. In  the  experimentally  produced  disease  in  mules  it 
frequently  appeared  before  trypanosomes  could  be  demon- 
strated in  the  peripheral  blood.     Besides  this  agglutination 
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there  is  phagocytosis  of  erythrocytes  in  the  peripheral  blood 
stream,  liver  sinusoids,  lymphoid  tissue,  and  spleen.  The 
erythrocytes  are  phagocyted  by  large  mononuclear  cells 
which  become  swollen  and  in  some  cases  appear  to  occlude 
the  sinusoids.  Hyaline  thrombi,  however,  were  never  seen. 
Two  factors,  then,  are  present  which,  as  has  been  shown  by 
Pearce,^*  Mallory,^  and  Flexner,  cause  hepatic  necroses  — 
hemagglutinins  and  swollen  endothelial  cells.  The  true  cause 
of  these  necroses,  however,  would  seem  to  be  that  of  which 
the  swollen  endothelium  and  hemagglutination  are  secondary 
manifestations  and  it  will  probably  be  found  to  depend  on 
specific  autolytic  processes,  and  the  phagocytosis  of  autolized 
cells. 

We  note  in  this  trypanosomal  disease  that  the  lesions  con- 
form to  those  of  other  trypanosomal  infections.  The  lesions 
encountered  in  mules  and  horses  were  constant,  though  such 
features  as  edema,  emaciation,  and  ecchymoses  varied  with 
the  stage  of  the  disease.  The  gross  lesions  characteristic  of 
the  disease  in  equines  are  hemorrhagic  petechias  or  ecchy- 
moses of  the  pleura,  pericardium,  nasal  and  conjunctival 
mucosae,  peritoneum,  renal  cortex,  and  capsule  of  the  spleen. 
There  are  hemorrhages  of  larger  size  in  the  endocardium, 
epicardium,  and  renal  lymph  nodes.  Emaciation  and  anemia 
are  usually  constant,  though  in  the  fulminating  type  of  the 
disease  the  former  may  not  be  present.  Effusions  or  localized 
areas  of  edema  of  the  sheath  or  hock,  and  particularly  a 
longitudinal  strip  of  the  lower  belly  wall,  are  seen.  There  is 
slight  splenic  enlargement  and  myeloid  hyperplasia  of  the 
yellow  marrow. 

In  smaller  mammals  hemorrhages  are  not  nearly  so  com- 
mon; in  fact,  they  are  generally  absent.  Splenic  enlarge- 
ment becomes  more  noticeable  and  constant  in  the  smaller 
animals.  A  remarkable  lesion  was  studied  in  the  dog,  rac- 
coon, and  monkey —  Nyctipithicus  —  acute  iridocyclitis. 
Rabbits  always  presented  a  dermatitis  of  the  ears  and  muz- 
zle and  a  marginal  blepharitis.  Ulceration  of  the  scrotum 
was  occasionally  seen  in  guinea-pigs. 

Histologically,  the  lesions  are  distinctive.     Nephritis  was 
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noted  in  horses  and  mules,  but  was  different  in  type  from 
that  seen  in  the  raccoon  and  monkeys.  The  cellular  changes 
in  the  liver  in  the  guinea-pig  are  constant  for  that  animal. 
The  features  of  the  lesions  in  horses  and  mules  are  aggluti- 
nation of  red  blood  cells  and  their  phagocytosis  by  endo- 
thelium and  large  mononuclear  phagocytes  in  the  liver 
sinusoids,  lymph  nodes,  and  splenic  sinuses;  and  hepatic 
necroses  of  two  types,  hyaline  and  inflammatory.  There  is 
lymphocytosis.  Acute  glomerulitis  and  acute  hemorrhagic 
nephritis  are  very  constant,  as  are  the  various  petechias  and 
ecchymoses,  in  which  there  may  be  a  polymorphonuclear  or 
mononuclear  leucocytic  exudation.  In  the  spleen  the  chief 
change  noted  is  the  very  large  amount  of  hemosiderin 
brought  thither  by  large  mononuclear  phagocytes. 

These  changes  occur  with  great  rapidity  in  small  rodents, 
such  as  the  rat,  and  in  these  animals  a  great  many  trypano- 
somes  are  produced  in  proportion  to  the  size  of  the  animal 
in  a  short  space  of  time,  so  that  they  are  overwhelmed 
rapidly.  One  never  encounters  as  many  trypanosomes  in 
equines  as  in  rats,  mice,  and  monkeys.  Though  equines  are 
ultimately  killed  by  the  infection,  the  lesions  presented  are, 
excepting  for  the  associated  anemia,  very  acute  in  point  of 
time  —  terminal. 

The  histological  changes  in  smaller  mammals  are  gener- 
ally more  extensive  when  similar  in  type  than  those  of 
equines.  The  hepatic  necroses  in  the  rat  are  more  exten- 
sive than  those  in  any  other  animal  examined  excepting 
possibly  the  coati.  The  necroses  are  of  two  types,  the 
hyaline  and  the  inflammatory.  The  former  are  usually 
limited  to  the  central  zone,  while  the  latter  are  distributed 
everywhere.  The  lymphoid  infiltration  in  the  peripheral 
zones  near  portal  spaces  was  seen  in  the  mouse,  guinea-pig, 
Nyctipithicus,  and  the  mule.  Associated  with  these  collec- 
tions of  cells  there  were  necroses,  polymorphonuclear  leuco- 
cytic exudation  and  areas  of  hemorrhage,  and  they  are 
analogous  to  those  changes  described  by  Roudsky^  in  livers 
of  mice  infected  with  Trypanosomal  lewsi. 
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The  spleens  show  hyperplasia  of  all  the  lymphoid  ele- 
ments, some  cellular  necrosis  and  phagocytosis  of  pigment 
and  of  trypanosomes.  In  the  coati  and  mouse  there  is  a 
remarkable  hyperplasia  of  megakaryocytes  normally  found 
in  small  numbers  in  these  animals.  In  the  kidneys  of  the 
smaller  animals  ecchymoses  are  uncommon,  and  the  glomer- 
uli are  not  involved.  In  the  monkeys  and  raccoon  there  is 
a  very  striking  acute  interstitial  nephritis,  very  much  like 
that  described  by  Councilman  in  scarlatina  and  diphtheria. 
In  the  mouse  there  is  an  exaggeration  of  the  hepatic  and 
splenic  necroses  seen  in  the  guinea-pig.  The  skin  lesions 
and  those  of  the  iris  show  microscopic  changes  of  the  type 
characteristic  of  trypanosomiasis. 

[Published  with  the  approval  of  Colonel  William  C.  Gorgas,  U.S.A., 
Chief  Sanitary  Officer.] 
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DESCRIPTION  OF  PLATES  XIII.   AND  XIV. 

Fig.  I.  —  Liver  of  guinea-pig.    Focal  peripheral  zone  necrosis. 

Fig.  2.  —  Femur  marrow  of  horse,  showing  hyperplasia  and  a  mega- 
karyocyte. 

Fig.  3.  —  Spleen  of  coati,  showing  hyperplasia  and  a  megakaryocyte. 

Fio.  4.  —  Spleen  of  coati  —  normal  spleen. 

Fig.  5.  —  Spleen  of  coati  infected  with  TV.  ktppicum,  showing  the 
intense  lymphoid  hyperplasia.  Same  magnification  as  section  of  normal 
spleen. 

Fig.  6.  — Liver  of  rat,  showing  extensive  necroses. 

Fig.  7-  —  Mule  No.  239:  Spleen  with  capsular  ecchymoses. 

Fig.  8- — Mule  No.  359:  Spleen.  Phagocytosis  of  erythrocytes  and 
large  clumps  of  blood  pigment. 

Fig.  8.  —  Mule  No.  359 :  Liver.  Clumps  of  bronze  colored  pigment  in 
the  sinusoids  and  leucocytosis. 

Fig.  10.  —  Mule  No.  382  :  Kidney.     Acute  glomerulitis. 

Fig.  II.  — Mule  No.  531 :  Epicardial  fat,  showing  petechise. 
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SPONTANEOUS  NEPHRITIS   IN  WILD   RATS.' 

W.  OPHtjLS  AND  Geo.  W.  McCoy. 

{From  thi  Laboratory  of  the  U.S.  Public  Health  and  Marine  Hospital  Service 
at  San  Francisco  and  from  the  Pathological  Laboratory  of  Leland  Stanford^ 
Jr,^  University^ 

So  far  as  we  have  been  able  to  determine  there  are  only 
two  references  to  this  very  interesting  condition  in  medical 
literature.  The  first  one  is  a  short  note  by  one  of  us 
(McCoy)  in  the  Public  Health  Reports  of  the  U.S.  Public 
Health  and  Marine  Hospital  Service,  1908,  XXHL,  1365, 
where  a  number  of  pathological  conditions,  found  in  wild 
rats  at  the  Federal  Laboratory  at  San  Francisco,  are 
described.  It  is  here  stated:  "It  was  a  matter  of  consider- 
able surprise  to  note  that  a  number  of  wild  rats  are  the 
victims  of  marked  parenchymatous  nephritis.  .  .  .  The 
kidneys  are  larger  than  the  size  of  a  rat  would  lead  one  to 
suspect,  usually  yellowish-brown  or  slate-colored,  and  are 
very  friable,  .  .  .  Cysts  as  large  as  a  pea,  or  even  much 
larger,  are  not  rare  and  small  cysts  up  to  about  one  milli- 
meter in  diameter  are  very  common.  •  .  .  Microscopic 
examination  shows  the  epithelium  to  be  largely  desquamated. 
The  nuclei  of  the  cells  are  lost  or  take  the  stain  poorly.  A 
few  small  cysts  are  seen  scattered  through  the  organ,  and 
they  may  be  quite  numerous  directly  beneath  the  capsule. 
The  process  does  not  appear  to  affect  the  large  collecting 
tubules  and  the  glomeruli  are  generally  but  little  altered. 
In  some  areas  there  may  be  marked  increase  in  connective 
tissue." 

In  191 1  the  other  one  of  us  (Ophiils)  reported  on  one  of 
these  rats  to  the  Society  for  Experimental  Biology  and 
Medicine  (Proceedings,  191 1,  VIII.,  ^^).  This  case  was  of 
especial  interest  as  the  renal  lesions  in  it  were  associated 
with  a  moderate  but  apparently  quite  distinct  cardiac  hyper- 
trophy and  with  a  very  marked  general  anasarca. 

*  Received  for  publication  March  ao,  1912. 
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The  following  data  arc  the  result  of  further  observations 
and  are  based  on  the  careful  gross  and  microscopic  exami- 
nations of  forty  additional  cases. 

The  disease  is  found  in  San  Francisco  and  in  Oakland  in 
the  three  types  of  wild  rats :  Mus  norwegicus,  Mus  rattus, 
and  Mus  alexandrinus,  both  in  the  male  and  female.  Because 
of  the  greater  prevalence  of  Mus  norwegicus  it  is  most 
commonly  observed  in  that  species.  Usually  it  is  found  in 
adult  animals,  but  sometimes  in  the  young.  It  is  remarkably 
common.  It  occurs  in  well-marked  form,  readily  recogniza- 
ble to  the  naked  eye,  about  twice  in  one  hundred  rats 
examined.  What  is  still  more  remarkable  is  that  the  con- 
dition showed  exactly  the  same  type  in  all  cases,  perhaps 
with  one  or  two  exceptions.  If  other  types  of  chronic 
nephritis  occur  in  wild  rats  they  are  certainly  quite  rare. 

The  gross  appearance  of  the  diseased  kidneys  is  very 
characteristic.  The  normal  size  of  the  kidneys  of  rats  is 
about  25  X  10  X  10  millimeters.  The  affected  organs  arc 
usually  somewhat  enlarged.  The  largest  kidney  found 
measured  25  x  20  x  15  millimeters.  The  capsule  strips 
easily,  is  either  entirely  unchanged  or,  rarely,  somewhat 
thickened.  The  color  of  the  kidney  is  often  distinctly  more 
yellowish-brown  than  normal,  sometimes  more  or  less  cop- 
pery. The  surface  is  finely  granular,  at  least  when  the 
process  is  sufficiently  far  advanced.  The  cortical  tissue  is 
usually  moist,  soft,  and  spongy.  The  pyramid  is  also  moist, 
distinctly  hyperemic,  whereas  the  cortex  is  pale.  The  most 
characteristic  feature  of  the  process  is  the  development  of 
innumerable  small  cysts  in  the  cortex,  some  of  which  may 
reach  considerable  size  up  to  one  centimeter  in  diameter  or 
even  larger.  These  cysts  are  either  filled  with  thin  clear 
liquid  or  the  material  contained  in  them  is  of  white  color 
and  opaque.  Occasionally  small  hemorrhages  are  observed. 
In  a  few  cases  the  renal  pelvis  was  considerably  distended 
and  filled  with  gelatinous  material.  In  the  end  the  kidneys 
shrink  considerably,  sometimes  to  one-half  their  normal 
size. 

The   most   important    lesion    microscopically   is   a    very 


Digitized  by  CjOOQIC 


SPONTANEOUS  NEPHRITIS  IN  WILD   RATS.  25 1 

marked  degeneration  and  eventually  necrosis  of  the  epithe- 
lial lining  of  the  large  majority  of  the  uriniferous  tubules 
with  the  exception  of  the  large  ducts.  The  epithelial  cells 
are  swollen,  more  or  less  vacuolated,  full  of  minute  fat  drop- 
lets and  eventually  they  completely  lose  their  nuclear  stain- 
ing. The  necrotic  epithelial  cells  become  detached  from 
the  walls  of  the  tubules  and  fill  the  lumen.  This  intense 
degenerative  process  is  associated  quite  early  with  an  equally 
vigorous  peculiar  proliferation  of  those  epithelial  cells  which 
retain  their  vitality,  in  such  a  way  that  in  some  tubules  one 
finds  the  epithelium  completely  destroyed;  in  others  it 
appears  to  be  in  a  remarkably  active  state  of  proliferation. 

The  earlier  stages  of  the  process  are  well  shown  (Fig.  i) 
where  many  tubules  show  the  extensive  epithelial  destruc- 
tion and  others  marked  evidences  of  epithelial  proliferation. 
(See  a  group  of  tubules  near  the  center  of  the  picture.) 
The  newly-formed  epithelial  cells  are  very  large,  two  or 
three  times  normal  size  and  the  nuclei  in  them  are  often  of 
immense  size,  regular  giant  nuclei,  which  stain  very  deeply. 
(These  proliferative  processes  in  the  renal  epithelium  resemble 
very  much  those  described  by  Thorel  in  man,  but  they  are 
of  a  much  greater  intensity.)  This  proliferative  process  is 
also  shown  very  clearly  in  Fig.  2,  which  is  taken  at  the  same 
magnification  as  Fig.  i.  The  epithelial  degeneration  is  still 
apparent  in  some  of  the  tubules,  in  others  a  tremendous 
proliferation  of  the  epithelium  has  set  in  which  leads  to  a 
very  marked  enlargement  of  the  tubules.  One  also  recog- 
nizes in  this  latter  figure  that  the  epithelial  proliferation  is 
apt  to  extend  into  the  capsules  of  the  glomeruli,  as  a  result 
of  which  the  outer  layer  of  the  capsule  becomes  lined  with 
a  more  or  less  continuous  row  of  cuboid  or  almost  columnar 
cells  (see  glomerulus  in  center  of  Fig.  2).  The  newly 
formed  epithelial  cells  also,  in  their  turn,  may  undergo 
degeneration  and  necrosis  to  such  an  extent  that  often  the 
dilated  tubules  and  capsules  of  the  glomeruli  are  filled  with 
granular  detritus  in  which  no  intact  cells  are  left. 

Directly  associated  with  this  proliferation  of  the  epithe- 
lium in  the  tubules  is  the  development  of  cysts  which  is  the 
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most  characteristic  feature  of  the  process.  In  Fig.  2  one 
can  easily  trace  the  development  of  these  cysts  from  the 
dilated  tubules.  As  the  epithelium  proliferates  the  tubules 
gradually  enlarge  until  the  cysts  are  fully  formed.  These 
cysts  are  filled  with  the  detritus  from  the  degenerating  epi- 
thelium and  some  fluid,  but  the  enlargement  of  them  is 
quite  evidently  not  due  to  pressure  from  the  accumulating 
contents  because  there  is  no  flattening  of  the  epithelial 
lining,  nor  from  retraction  of  new  formed  connective  tissue 
around  them,  because  at  this  stage  they  frequently  do  not 
show  any  development  of  new  connective  tissue  in  their 
surroundings. 

In  these  later  stages  one  observes  in  the  degenerated 
epithelium  the  formation  of  large  hyaline  droplets  which 
often  reach  the  size  of  a  red  blood  corpuscle  or  over. 
Some  of  the  larger  ones  of  these  are  shown  free  in  the 
contents  of  the  cysts  in  Fig.  2.  They  resemble  somewhat 
the  similar  hyaline  droplets  observed  in  the  epithelium  of 
human  cases  of  chronic  parenchymatous  nephritis.  In  rat 
nephritis  they  also  stain  deeply  with  eosin  except  when  they 
have  a  color  of  their  own,  namely,  a  deep  yellowish  brown. 
The  pigment  which  stains  them  in  this  way  is  evidently  a 
derivative  of  the  blood  pigment  Once  in  a  while  one  also 
finds  some  ordinary  granules  of  hemosiderine. 

In  Fig.  3  there  is  represented  a  peculiar  tumor-like  pro- 
liferation of  the  epithelium  which  sometimes  takes  place  in 
the  larger  cysts.  In  fact  in  some  specimens  small  true 
adenomata  like  those  which  one  so  frequently  encounters  in 
human  kidneys  were  observed. 

Cast-formation  is  comparatively  limited  in  this  type  of 
nephritis. 

As  shown  in  Fig.  i,  the  peculiar  lesions  in  the  epithelium 
are  associated  from  the  beginning  with  considerable  cellular 
infiltration  in  the  connective  tissue.  Eventually  much  dense 
fibrous  tissue  is  formed  in  an  irregular  manner.  In  the  end 
there  may  be  so  much  destruction  of  the  renal  tissue  by  the 
degeneration  of  the  epithelium  and  the  proliferation  and 
shrinkage  of  the  connective  tissue  that  the  presence  of  the 
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glomeruli  alone  gives  a  clue  that  we  are  dealing  with  kidney 
tissue. 

The  glomeruli  remain  practically  normal  to  the  end  except 
that  the  capsule  may  eventually  be  somewhat  thickened. 

In  spite  of  the  often  very  extensive  destruction  of  renal 
tissue  it  is  very  uncommon  to  find  edema  or  evidence  of 
cardiac  hypertrophy.  In  addition  to  the  one  case  previously 
reported  there  is  only  one  more  in  this  new  series  of  forty 
cases  in  which  there  is  noted  a  moderate  hypertrophy  of  the 
heart  and  large  effusions  into  the  pleural  cavities,  but  no 
general  edema.  It  is  of  some  interest  that  in  this  case  an 
old  thrombus  was  found  in  the  left  auricular  appendage 
which  is  plain  evidence  of  considerable  general  circulatory 
disturbance.  In  a  third  case  there  was  general  anasarca  and 
double  hydrothorax  but  a  normal  heart. 

No  gross  or  microscopic  evidence  of  disease  of  the  blood 
vessels  was  found  in  any  case. 

These  observations  are  renewed  evidence  of  the  rather 
loose  association  of  severe  renal  lesion  on  the  one  hand  and 
cardio-vascular  disease  and  edema  formation  on  the  other, 
which  was  very  evident  in  a  series  of  human  cases  of  chronic 
nephritis  recently  studied  by  one  of  us  (Ophiils). 

The  close  relation  of  these  chronic  proliferating  inflamma- 
tions to  true  tumor-formation  is  again  brought  out  very 
plainly. 

The  cyst  formation  observed  is  very  interesting  from  the 
standpoint  of  general  pathology,  as  we  have  to  deal  here  with 
cysts  the  origin  of  which  can  be  referred  solely  to  epithelial 
proliferation,  a  possibility  which  is  doubted  by  some  of  our 
best  authorities. 

The  etiology  of  the  condition  is  entirely  obscure.  It  is 
true  that  for  years  the  rats,  in  San  Francisco  especially,  have 
been  poisoned  with  phosphorus  and  arsenic,  but  this  has  not 
happened  for  some  time,  quite  apart  from  the  fact  that  all 
experimental  evidence  at  hand  would  make  it  rather  unlikely 
that  these  poisons  could  produce  such  very  marked  and 
progressive  renal  lesions. 
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The  peculiar  proliferation  of  the  epithelium  and  the  ten- 
dency to  the  formation  of  cysts  might  suggest  the  presence 
of  some  protozoon  parasite,  like  the  coccidium  oviforme  or 
the  coccidia  described  by  Smith  and  Johnson  *  or  by  Tyzzer.' 
Careful  examination,  however,  of  fresh  specimens  or  of 
smears  stained  carefully  and  intensely  with  Wright's  stain  or 
of  sections  stained  with  various  methods  fail  to  reveal  any- 
thing in  the  nature  of  a  protozoon,  or  of  any  parasite. 

It  would  almost  appear  as  if  this  unusual  tendency  to  pro- 
liferation and  cyst-formation  was  something  inherent  in  the 
tissues  of  the  rat,  and  in  order  to  test  this  supposition  some 
experiments  on  white  rats  were  performed  with  the  use  of 
uranium  nitrate. 

It  is  a  well-established  fact  that  subcutaneous  injections  of 
uranium  nitrate  in  proper  doses  and  at  proper  intervals 
produce  a  typical  chronic  nephritis  in  all  animals  so  far 
tested.* 

Two  white  rats  received  a  few  doses  of  one  milligram  of 
uranium  nitrate  at  intervals  of  several  weeks  and  both 
developed  the  typical  uranium  nephritis :  degeneration  and 
necrosis  of  the  epithelium  and  later  cellular  infiltration  and 
proliferation  in  the  interstitial  tissue. 

In  these  animals  also  the  marked  power  of  regeneration 
and  tendency  to  excessive  proliferation  of  the  renal  epithe- 
lium was  very  evident  as  shown  in  Fig.  4.  The  picture 
shows  several  large  tubules  with  unusually  large  cells  with 
large  giant  nuclei,  just  like  those  which  were  observed  in  the 
spontaneous  nephritis  of  wild  rats,  and  the  tendency  to  cyst- 
formation  is  also  very  evident. 

Control  white  rats  were  entirely  free  from  all  lesions,  and 
the  lesions  which  developed  in  the  animals  under  experi- 
mentation were  proportional  in  severity  and  extent  to  the 
time  which  the  treatment  had  lasted. 

It  would  seem,  therefore,  that  this  peculiar  characteristic 
of  the  lesions  is  the  result  of  a  property  inherent  in  the 
kidneys  of  rats.  Here  we  have,  then,  an  interesting  example 
of  a  specific  feature  of  a  disease  which  does  not  depend  so 
much  on  its  cause,  but  on  the  nature  of  the  animal. 
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As  indicated  above,  similar  proliferative  changes  occur  in 
other  animals  under  similar  conditions,  but  so  far  as  we  know 
they  never  assume  these  extraordinary  proportions. 

In  conclusion  we  may  summarize  the  results  of  the  inves- 
tigation in  the  following  way : 

1.  Wild  rats  very  frequently  (at  least  in  two  per  cent  of 
all  cases  examined)  suffer  from  a  peculiar  type  of  chronic 
nephritis,  one  of  the  characteristic  features  of  which  is  a  very 
marked  tendency  to  epithelial  proliferation  and  to  cyst- 
formation. 

2.  A  condition  very  similar  in  all  respects  to  this  spon- 
taneous disease  may  be  produced  experimentally  in  white 
rats  by  subcutaneous  injection  of  uranium  nitrate. 
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EXPLANATION  OF  PLATE  XV. 

Fio.  I.  —  Magnification  Sox.  Early  spontaneous  nephritis  in  wild  rat 
showing  extensive  epithelial  degeneration;  also  marked  epithelial  pro- 
liferation and  cyst-formation,  cellular  infiltration  of  the  interstitial  tissue. 

Fig.  2. —  Magnification  80  x.  Similar  but  more  advanced  lesions, 
extension  of  epithelial  proliferation  into  glomerulus. 

Fig.  3. — Magnification  80  x.  Adenomatous  growth  into  cyst  in  spon- 
taneous nephritis. 

Fig.  4. — Magnification  100  x.  Reproduction  of  spontaneous  nephritis 
of  wild  rat  by  subcutaneous  injections  of  uranium  nitrate  in  white  rat. 
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THE    RELATION    OF    ANIMAL    FAT    TO    TUBERCLE    BACILLUS 

FAT.* 

(a  suggested  explanation  of  the  apical  lesions  in 
man  and  caudal  lobe  lesion  in  cattle.) 

{Preliminary  Communication,) 
Wm.  Charles  White,  M.D. 

AND 

A.  Marion  Gammon. 
i^From  the  H,  B.  Mellon  Laboratory  of  the  Tuberculosis  League  of  Pittsburgh,) 

The  relation  between  the  fat  stored  in  the  animal  body 
and  the  fat  in  the  tubercle  bacillus  growing  in  this  animal 
body  seems  at  first  glance  a  very  indefinite  one ;  and  yet  an 
attempt  to  establish  such  a  relation  yields  many  points  of 
interest,  the  correlation  of  which  establishes  a  connection 
between  the  two  which  is  apparently  very  close. 

The  storage  of  fat  in  bodies  that  are  the  seat  of  tubercu- 
lar infection  is  usually  the  basis  of  a  favorable  prognosis. 
While  this  is  accompanied  by  a  recession  of  other  symptoms 
of  tuberculosis  such  as  fever,  tiredness,  sputum,  and  lung 
signs,  still  it  is  the  storage  of  fat  which  is  the  striking  feature 
of  improvement  both  to  patient  and  physician.  This  stor- 
age of  fat,  too,  is  the  main  object  of  the  tripod  of  rest,  fresh 
air,  and  feeding  which  forms  the  foundation  of  our  treat- 
ment in  this  disease. 

On  the  other  hand,  in  bodies  which  are  the  seat  of  a 
tubercular  infection  which  is  gaining  the  upper  hand,  no 
feature  is  more  striking  than  the  rapid  consumption  of  the 
fat  which  was  previously  stored  in  the  fat  reservoirs  of  the 
body.  This  consumption  of  fat  is  in  most  cases  greater  in 
amount  than  the  accompanying  fever  would  explain. 

One  of  the  problems  connected  with  this  relation  of  fat 
to  tubercular  infection  is  associated  with  the  varied  composi- 
tion of  the  fat  occurring  in  different  animals  in  which  the 

*  Received  for  publication  March  25. 1912. 
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disease  occurs.  For  example,  the  fat  of  humans  after 
infancy  is  largely  *  composed  of  the  glycerides  of  palmitic 
and  oleic  acids.  The  fat  of  infants,'  on  the  other  hand,  has 
a  larger  percentage  of  the  glycerides  of  stearic  acid  and  in 
this  way  more  closely  approximates  the  fat  of  cattle  which 
has  a  larger  percentage  of  the  glycerides  of  stearic  acid.* 
The  fat  of  fishes  has  a  larger  percentage  of  the  glycerides 
of  oleic  acid.* 

It  occurred  to  us  that  this  wide  variation  in  the  composi- 
tion of  the  fats  of  different  animals  may  in  some  way  be 
closely  connected  with  the  variation  in  the  different  types  of 
tubercle  bacillus,  and  tliat,  as  an  instance  of  this,  the  stearic 
acid  content  of  infant's  fat,  approximating  as  it  does  cattle 
fat,  may  contain  the  nucleus  of  the  greater  susceptibility  of 
infants  to  the  bovine  bacillus. 

This  conception  seems  more  likely  to  contain  some  truth 
from  the  various  studies  which  have  been  carried  out  on  the 
fat  content  of  the  various  types  of  tubercle  bacillus.  The 
tubercle  bacillus  has  a  very  large  content  of  fatty  substance; 
this  fat  content  varies  in  character  and  amount  under  vary- 
ing conditions  of  growth  and  origin.  Ruppel*  found  the 
fat  content  varied  with  the  age  of  the  culture  from  eight  to 
twenty-six  per  cent.  De  Schweinitz  and  Dorset*  found 
that  the  total  extracts  from  the  tubercle  bacillus  of  different 
origins  using  three  extractives,  ether,  alcohol,  and  chloro- 
form, to  be  as  follows : 


Bovine  baciUi, 

26.32% 

Avian  bacilli,                       30.65% 

Swine       " 

20.59% 

Attenuated  human  bacilli,  3741% 

Horse       •* 

3'.76% 

Virulent           "          "        28.03% 

In  this  analysis  the  most  striking  fact,  and  this  we  will 
refer  to  later,  is  the  high  percentage  of  fat  extracted  from 
the  attenuated  human  organism.  Aronson  ^  found  that  with 
a  low  percentage  of  glycerine  the  wax  content  of  the  tubercle 
bacillus  grown  on  media  was  much  reduced.  These  studies 
seem  to  be  in  some  way  associated  with  the  different 
behavior  of  the  human  and  bovine  bacillus  grown  on  glycer- 
ine broth  which  Theobald  Smith*  has  pointed  out.     It  is 
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possible  that  the  use  of  glycerine  by  the  tubercle  bacillus  is 
associated  with  its  relation  to  fat  since  the  glycerine  forms  so 
large  a  factor  in  fat  composition.  This  is  no  new  observa- 
tion and  is  mentioned  here  only  to  point  out,  in  connection 
with  the  present  work,  that  the  close  resemblance  which 
Smith  found  to  exist  between  the  bovine  and  avian  bacillus 
may  be  associated  in  their  origin  from  grain-eating  animals 
whose  fat  content  is  largely  composed  of  the  glycerides  of 
stearic  acid. 

We  proposed  a  year  ago  to  attempt  to  work  out  some  of 
the  problems  connected  with  the  relation  of  the  fats  of  the 
tubercle  bacillus  to  body  fat  both  from  a  biological  and  cultural 
standpoint.  In  the  present  paper  we  will  confine  ourselves 
to  certain  cultural  characteristics  which  we  have  found  and 
to  the  bearing  of  these  on  certain  anatomical  conditions 
found  in  man  and  cattle  especially  relating  to  the  point  of 
maximum  attack  in  pulmonary  tuberculosis  of  these  two 
animals.  Our  work  on  the  influence  on  tuberculous  infec- 
tion of  various  types  of  fats  stored  in  the  lungs  before  and 
during  the  period  of  infection  and  on  the  influence  of  the 
components  of  these  fats  such  as  glycerine  and  various  fatty 
acids  in  the  same  connection  we  will  report  in  later,  papers. 

In  choosing  the  various  fats  for  this  work  many  difliculties 
were  encountered.  It  was  desired,  in  the  first  place,  to 
secure  fats  which  were  fluid  enough  to  mix  with  culture 
media  and  yet  which  contained  as  high  a  percentage  as 
possible  of  a  single  one  of  the  five  radicals  with  which  we 
wish  to  deal  (as  the  basis  of  most  body  fats),  viz. :  stearic 
acid,  oleic  acid,  palmitic  acid,  and  linolic  and  linoleic  acids. 
With  this  object  in  view,  we  used  olive  oil  for  the  oleic  acid, 
palm  oil  for  the  palmitic  acid,  linseed  oil  for  linolic  and 
linoleic  acids,  and  beef  suet  for  the  stearic  acid.  The  latter 
was  difficult  to  handle  on  account  of  its  high  melting  point. 
We  also  used  more  complex  fats  such  as  butter  and  human 
fat.  Our  work  is  open  to  serious  objections  of  which  we  are 
aware  but,  as  with  all  new  fields,  we  had  to  start  with  that 
knowledge  which  was  available,  and  in  later  papers  we  will 
have  corrected  some  at  least  of  these  difficulties. 
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It  was  found  that  in  the  test-tube  certain  fats  had  a 
decided  influence  in  determining  the  rapidity  of  growth  of 
the  tubercle  bacillus  as  well  as  its  staining  properties  and 
virulence.  To  five  per  cent  of  glycerine  agar  tubes  were 
added  six  per  cent  and  twenty  per  cent  of  the  following  fats : 
Human  fat»  olive  oil,  butter,  linseed  oil,  beef  suet,  paraffin, 
and  palm  oil.  The  human  and  beef  fat  were  obtained  at 
autopsy  and  rendered  in  the  laboratory  over  a  water  bath. 
The  tubes  were  then  sterilized  and  after  sterilization  cooled ; 
then  when  near  the  solidifying  point,  vigorously  shaken, 
rapidly  cooled  on  ice  and  slanted;  in  this  way  a  uniform 
distribution  of  the  fat  in  the  glycerine  agar  was  obtained. 
Five  tubes  of  each  fat  glycerine  agar  and  five  tubes  of  plain 
glycerine  agar  as  control  were  then  inoculated  with  tubercle 
bacillus  of  human  and  a  similar  series  with  tubercle  bacillus 
of  bovine  origin  transferred  from  egg  media.  The  tubercle 
bacilli  used  in  these  experiments  were  from  strains  H  ,7  and 
Bl  Saranac  Lake  kindly  furnished  us  by  Dr.  E.  R.  Baldwin. 

The  human  bacillus  grew  best  on  the  human  fat  agar  and 
butter  agar  tubes.  The  growth  on  the  olive  oil  agar  tubes 
was  not  so  abundant  as  on  the  control  glycerine  agar  tubes, 
and  the  growth  on  the  linseed  oil  agar  tubes  was  very  slight. 

The  bovine  bacillus  did  not  grow  so  abundantly  as  the 
human  strain,  but  the  growth  on  the  human  fat,  olive  oil, 
and  butter  tubes  was  much  in  advance  of  the  control  glycer- 
ine agar  tubes.  The  growth  on  the  linseed  oil  tubes  was 
scarcely  noticeable  at  the  end  of  six  weeks. 

The  beef  fat  in  tubes  did  not  stimulate  the  growth  of 
either  organism,  although  both  grew  slightly  and  were  culti- 
vated again  on  egg  media  after  two  months. 

The  palm  oil  tubes  were  not  successful  on  account  of  the 
difficulty  in  securing  uniform  distribution  of  the  fat  in  the 
agar.  Both  human  and  bovine  organisms  grew  on  the  agar 
between  the  fat-containing  areas  of  the  slant  but  not  on  the 
palm  oil. 

On  paraffin  the  organism  grew  after  eight  to  ten  weeks 
with  a  dry  brownish  appearance  in  the  growth. 

The  difference  between  the  growth  of  the  human  tubercle 
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bacillus  on  the  five  tubes  of  human  fat  glycerine  agar  and 
the  growth  on  the  five  tubes  of  plain  glycerine  agar  was  very 
striking  and  was  the  same  on  all  tubes,  being  one  hundred 
times  more  abundant  on  the  former  tubes.  The  growth  on 
the  fat-containing  tubes  presented  a  peculiar  oily  appearance 
to  the  eye. 

Smears  were  made  after  six  weeks  from  the  various  tubes, 
stained  in  carbol  fuchsin  and  the  time  of  decolorization  deter- 
mined by  immersing  for  various  times  in  four  per  cent  nitric 
acid  in  equal  parts  of  acetone  and  alcohol.  It  was  found 
that  at  the  end  of  six  minutes  the  organisms  from  the  plain 
glycerine  agar  tubes  were  almost  completely  decolorized, 
while  after  ten  minutes  the  organisms  grown  on  human  fat, 
olive  oil,  and  butter  agar  still  retained  their  stain  very  evenly 
and  well. 

This  we  hope  to  show  has  some  bearing  on  the  fact  noted 
by  De  Schweinitz  and  Dorset,  that  the  fat  content  of  the 
avirulent  human  type  which  they  studied  had  a  far  greater 
fat  content  than  the  virulent  form.  The  increased  acid-fast 
character  of  those  organisms  grown  on  fat  noted  in  our  own 
work  suggests  a  decrease  in  the  virulence  of  the  organism, 
but  this  aspect  of  the  work  must  be  carried  much  further 
before  such  a  conception  can  be  accepted. 

After  repeating  these  series  of  experiments  a  number  of 
times  and  finding  that  the  influence  of  fats  of  various  sorts  in 
the  culture  media  had  a  constant  and  definite  influence  in 
increasing  the  rapidity  and  character  of  the  growth  of  the 
tubercle  bacillus  in  the  test-tubes,  we  took  the  same  fats  and 
submitted  them,  for  various  periods  of  time,  to  the  action  of 
liver  extract  prepared  after  the  method  described  by  Kastle.^® 
We  then  took  these  mixtures  of  fat  and  liver  extract  and 
after  sterilizing  mixed  them  in  various  proportions  with  five 
per  cent  glycerine  agar  prepared  as  in  the  former  unaltered 
fat  experiments,  and  again  inoculated  five  tubes  of  each 
mixture  and  five  tubes  of  plain  glycerine  agar  (used  as  con- 
trol) with  as  nearly  uniform  quantities  as  possible  of  human 
and  bovine  tubercle  bacillus. 

The  results  of  these  experiments  were  in  some  instances 


Digitized  by  CjOOQIC 


262  WHITE  AND  GAMMON. 

more  striking  than  the  pure  fat  experiments.  The  growth  of 
the  human  tubercle  bacillus  on  each  liver-altered  human  fat- 
agar  tube  was  four  or  five  hundred  times  more  luxuriant 
than  on  the  plain  glycerine  agar.  The  growth  on  all  the 
liver-altered  olive  oil  and  liver-altered  linseed  oil  tubes  was 
also  more  abundant  than  on  the  plain  glycerine  agar  tubes. 

The  growth  of  the  bovine  bacillus  was  much  more  abund- 
ant on  the  liver-altered  olive  oil  and  linseed  oil  agar  tubes 
than  on  the  plain  glycerine  agar  tubes,  but  on  all  three  of 
these  groups  less  than  on  the  liver-altered  human  fat  agar 
tubes. 

The  other  fats  were  not  included  in  this  experiment,  which 
has  been  repeated  with  the  fats  named  above. 

Explanation  of  apical  lesions  in  man  and  caudal  lesions  in 
cattle.  —  The  results  of  the  use  of  these  various  fats  and  split 
products  of  these  fats  on  the  growth  of  the  tubercle  bacillus 
have  suggested  an  explanation  of: 

1st.  The  apical  lesions  which  are  so  common  in  tubercu- 
lar pulmonary  infections  in  man. 

2d.  The  caudal  lobe  lesions  which  form  the  characteristic 
expression  of  tubercular  pulmonic  disease  in  cattle. 

Having  determined  that  the  tubercle  bacillus  is  able  to  use 
various  fats  and  their  liver-split  products  to  its  own  advantage 
when  grown  on  artificial  media,  it  seemed  possible  to  cor- 
relate this  fact  with  the  work  of  J.  B.  Leathes  ^  on  the  func- 
tion of  the  liver  in  mobilizing  and  changing  the  fats  already 
stored  in  the  subcutaneous  tissues  in  explaining  why  the 
favorite  site  of  growth  of  the  tubercle  bacillus  in  man  is  the 
highest  point  in  the  lung.  Leathes  was  able  to  show  that 
the  fats  stored  in  the  reservoirs  of  the  animal  were  mobilized 
in  the  liver  and  here  prepared  for  utilization  by  the  other 
organs  of  the  body  which  during  their  action  burned  the  fat. 
This  liver-altered  fat  is  of  necessity  poured  into  the  inferior 
vena  cava  and  thence  finds  its  way  into  the  pulmonary  artery 
and  from  here  passes  directly  into  the  lung  capillary  system. 
If  one  studies  the  anatomy  of  the  pulmonary  artery,  however, 
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one  sees  that  before  dividing  into  the  right  and  left  pulmon- 
ary branches  it  forms  a  great  bay  of  blood  bounded  by  a 
very  elastic  vessel  wall.     The  blood  in  this  portion  of  the 
pulmonary  artery   must   move   with  comparative  slowness, 
because  of  the  short  circuit  which  it  makes  in  comparison 
with  the  long  circuit  made  by  the  general  aortic  quota  of 
blood.     In   this  great   bay  the  blood  is  loaded   with  fatty 
derivatives  of  low  specific  gravity  compared  with  the  whole 
blood.     Owing  to  the  slowness  of  the  current  due  to  the 
elasticity  of  the  vessel  and  the  short  circuit  to  be  traveled, 
these  compounds  have  a  chance  to  rise  to  the  surface  of  the 
stream,  so  that  the  upper  layer  of  blood  in  the  pulmonary 
artery  should  have  a  much  larger  content  of  fatty  compounds 
than  the  lower  one.     If  one  now  follows  the  pulmonary  blood 
stream  in  man  it  is  readily  seen  that  at  the  highest  point  of 
this  main  stream  the  vessel  arises  that  supplies  the  apex  of 
the  upper  lobe  on  either  side.     If  the  theory  advanced  be 
correct,  this  vessel,  owing   to  the  upright  position  in  man, 
should  be  the  vessel  most  laden  with  the  fatty  compounds  of 
low  specific  gravity  which  are  being  poured  into  the  pul- 
monary stream  by  the  liver  mechanism  because  these  com- 
pounds, of  necessity,  rise  rapidly  to  the  highest  level  of  the 
fluid  bed  in  which  they  are  traveling.     This  view,  coupled 
with  the  results  of  our  experimental  work  so  far  completed, 
which  shows  that  the  tubercle  bacillus  makes  use  of  these 
compounds    for  its  more   abundant   growth,  seems  a  most 
reasonable  explanation  of  its  more  prevalent  development  in 
the  apex  of  the  upper  lobe.     In  other  words,  it  is  in  the  lung 
that  the  tubercle  bacillus  gets  first  pick,  so  to  speak,  of  the 
fatty   compounds  which   it  needs  for  its  development  and 
receives  the  greatest  supply  of  these  at  the  apex  of  the  upper 
lobe  in  animals  that  maintain  an  upright  position. 

Our  next  step  was  to  determine  on  this  basis  where  the 
highest  point  in  the  pulmonary  blood  stream  of  bovines  lay, 
and  by  plaster  injections  we  were  able  to  determine  that  the 
same  law  as  we  have  outlined  for  man  if  applied  to  bovines 
would  carry  the  fatty  compounds  of  low  specific  gravity  to 
the  apex  of  the  caudal  lobe,     flaving  decided  that  this  was 
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true  we  were  sure  that  if  the  law  held  good  we  should  find 
in  this  region  the  point  of  maximum  attack  in  pulmonary 
tuberculosis  in  bovines.  Not  having  the  literature  at  hand 
to  add  the  clinical  proof  to  our  theoretical  conclusion,  we 
wrote  to  Dr.  Schroeder  in  Washington  without  mentioning 
what  the  trend  of  our  work  was  and  received  the  following 
letter  in  answer : 

"The  lungs  of  cattle  have  seven  lobes  as  follows:  two 
anterior ;  two  median,  somewhat  larger  than  the  anterior ;  two 
caudals,  much  larger  than  the  median ;  and  an  azygos  which 
is  attached  to  the  right  anterior. 

"  The  commonest  location  of  tubercular  lesions  in  bovine 
lungs  is  in  the  posterior  dorsal  portions  of  the  large  caudal 
lobes  from  the  apices  forward  and  upward.  This  region  is 
dorsal  from  the  main  bronchus  and  rests  under  the  ribs  at  or 
near  their  junction  with  the  vertebrae. 

"  The  only  similarity  I  can  trace  between  the  seats  of  tuber- 
culosis in  human  and  bovine  lungs,  taking  respective  natural 
positions  of  human  and  bovine  bodies  into  consideration,  is 
that  in  both  these  species  those  portions  of  the  lungs  are 
more  commonly  affected  which  have  the  highest  location." 

It  will  be  seen  that  the  clinical  data  bears  out  fully  our 
theoretical  conclusion.  We  hope  to  be  able  in  the  near 
future  to  demonstrate  that  certain  points  concerning  the  pul- 
monary stream,  which  we  have  concluded  should  occur  from 
a  theoretical  physical  basis,  occur  in  fact.  If  we  are  able  to 
do  this,  we  feel  convinced  that  this  offers  the  most  reasonable 
explanation  on  a  pure  chemical  and  physical  basis  of  the 
elective  points  of  pulmonary  tuberculous  infection  in  man 
and  bovines. 

We  were  able,  during  the  progress  of  this  work,  to  go 
over  it  with  Professor  J.  B.  Leathes,  of  Toronto,  who  sug- 
gested that  it  would  be  wise  to  get  rid  of  the  extraneous 
substances  contained  in  the  liver  extract  by  splitting  off  the 
fatty  acids  with  sodium  hydrate,  then  separating  these  with  an 
excess  of  acid  and,  after  washing,  use  these  substances  in  the 
culture  tube.     In  this  way  the  experiment  would  deal  with 
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simpler  and  purer  compounds.  This  work  is  at  present  in 
progress  and  will  be  reported  later. 

M.  P.  Ravenel  ^  also  suggested  that  during  some  former 
work  of  his  own  he  had  noticed  that  the  tubercle  bacillus 
would  grow  on  paraffin.  This  we  have  confirmed  in  our  own 
work,  but  what  use  the  tubercle  bacillus  makes  of  so  foreign 
a  fat  as  paraffin  we  are  at  a  loss  to  understand. 

The  various  aspects  of  the  relation  of  fat  added  in  abun- 
dance to  the  medium  on  which  the  tubercle  bacillus  is  grown, 
to  the  virulence  of  infection  in  the  body,  we  can  at  present 
barely  touch  upon.  If  fat  and  its  split  products  make  the 
tubercle  bacillus  grow,  why,  for  instance,  does  increase 
of  body  fat  indicate  improvement?  Some  of  our  experi- 
ments suggest  that  bacilli  overfed  with  fat  in  the  test-tube 
become  less  virulent.     For  example : 

One    milligram   of  tubercle   bacilli    grown  on  five   per 

cent  glycerine  agar  and  human  fat. 
One   milligram  of  tubercle  bacilli   grown   on   five   per 

cent  glycerine  agar  and  butter,  and 
One  milligram  of  tubercle  bacilli   grown   on   five   per 

cent  glycerine  agar  and  olive  oil 

were  injected  into  rabbits.  The  weights  and  first  autopsies 
suggest  as  stated  a  diminished  virulence  in  the  fat-gorged 
organisms,  but  it  is  far  too  early  to  draw  even  tentative 
conclusions. 

The  above  results  further  suggest  an  explanation  of  the 
susceptibility  of  certain  diabetics  to  tuberculosis  since  *'  the 
occurrence  of  very  large  quantities  of  fat  in  the  blood  plasma 
seems  to  be  a  phenomenon  peculiar  to  diabetes."  *^ 

We  were  not  able  to  determine  what  we  started  out  to 
prove,  that  such  methods  as  we  have  employed  offer  a  means 
of  distinguishing  the  human  and  bovine  types  of  organism ; 
but  the  findings  still  suggest  the  possibility  that  in  the  rela- 
tion of  animal  fat  to  tubercle  bacilli  there  may  be  found 
some  light  on  this  question. 
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I.  Introduction,  anatomical  findings,  and  views  of  older 
authors.  —  The  intimate  relation  between  diseases  of  the 
heart,  circulatory  disturbances,  and  certain  functional  and 
anatomical  changes  in  the  kidney  had  attracted  attention 
almost   from   the  time  of  Bright.     Rayer ^  and  Becquerel* 

*  Received  for  publication  April  z,  191 2. 
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had  observed  them  in  diseases  of  the  heart,  DevilHer  and 
Regnauld*  in  pregnancy.     They  were  described  with  care  by 
Reinhardt*  in  the  first  volume  of  the  **  Annalen  der  Charite  " 
in  1850  and  brought  into  proper  etiological  relation  to  long 
continued  valvular  disease  of  the  heart,  chronic  bronchitis, 
and  pregnancy.     But  like  his  predecessors  he  included  them 
under  the  heading  of  Bright's  disease.     He  considered  the 
presence  of  albumen  and  casts  (fibrin  coagula)  in  the  urine 
during  life  as  evidence  of  an  exudate,  and  therefore  regarded 
the    kidney   changes   as    inflammatory.      Reinhardt    knew 
already  that  these  changes  in  the  kidney  occurred  particu- 
larly  when    certain    circulatory    disturbances    like    edema 
became  manifest.     While  Becquerel  had  described  a  transi- 
tory albuminuria  in  heart  diseases,  Reinhardt  emphasized  its 
long  duration  in  certain  cases,  and  that  even  after  lasting 
albuminuria  the  kidney  showed  only  hyperemia  and  enlarge- 
ment.    He    described    them    further   as    dense,    firm,    but 
microscopically  he  emphasized  only  the  occurrence  of  fatty 
epithelium.     Finally  he   considered   as  cause  of  the   renal 
change  a  possible  direct  irritating  influence  of  an  abnormal 
composition  of  the  blood  in  heart  diseases.     Eisenmann  ^  in 
1852  also  fully  recognized  the  relation  of  venous  stasis  in 
the   kidney  to  certain   definite  anatomical  alterations.     He 
described   passive   hyperemia  as  the  result  of  a  disturbed 
return  flow  of  blood  from  the  kidneys,  which  may  extend 
from  the  tubules  to  the  Malpighian  corpuscles.     This  might 
be   the  result  of  local   or  general  causes:    heart   diseases, 
respiratory  diseases,  convulsions.     As  regards  the  relation  of 
pregnancy   to   Bright's   disease   and    stasis   in   the    kidney, 
Eisenmann,  quite  properly  and  against  the  views  of  Frerichs, 
pointed  out  that  an  impeded  return  flow  of  blood  causes 
directly  only  a  mechanical  or  passive  stasis,  and  the  passage 
of  serum   which    results   therefrom    must   be  differentiated 
from  that  of  exudative  inflammation.     Frerichs*  admitted 
this   only   partly,    and   believed    that    under    the    irritative 
influence  of  the  blood  mechanical  stasis  assumed  the  charac- 
ter of  Bright's  disease.     But  while  Eisenmann  did  not  deny 
this    possibility  he    did    not  believe    it   necessary   for  the 


Digitized  by  CjOOQIC 


THE  CYANOTIC   INDURATION  OF  THE  KIDNEY.        269 

production  of  albuminuria  or  uremia,  nor  did  he  believe  it  to 
be  the  rule.  However,  these  views  remained  isolated  and 
were  not  generally  recognized.  Rokitansky,  in  his  great 
Lehrbuch  der  pathologischen  Anatomic,  published  in  1855, 
devotes  no  space  to  these  considerations,  but  only  mentions 
hyperemia  of  the  kidney  in  a  general  way.  He  did  not  dif- 
ferentiate between  arterial  and  venous  hyperemia,  described 
only  the  vascular  injection  of  the  blood  vessels  and  glom- 
eruli and  regarded  it  as  antecedent  of  nephritis  or  Bright's 
disease. 

It  remained  therefore  for  Traube  ^  to  succeed  in  conclu- 
sively separating  amidst  considerable  opposition  the  kidney 
of  stasis  from  the  inflammatory  affections.  This  work 
began  in  1856  and  was  constantly  augmented  by  him  by 
additional  evidence  and  persistent  discussions.  In  his  first 
observations  he  gave  an  excellent  description  of  the  gross 
appearances  of  such  a  kidney,  in  which  he  emphasized  par- 
ticularly the  vascular  changes,  absence  of  granulations,  and 
the  preservation  of  the  relative  volume  of  cortex  and 
medulla.  He  sums  up  his  conclusions  as  follows :  **  Experi- 
ments (referring  to  Ludwig  and  GoU)  teach  that  such  changes 
depend  upon  the  diminished  aortic  pressure  and  increased 
venous  pressure.  If  extending  over  a  certain  time  they 
produce  certain  parenchymatous  changes,  the  nature  of 
which  is  still  under  discussion.  I  personally  do  not  believe 
that  we  have  to  deal  with  the  disease  discovered  by  Bright, 
for  it  lacks  the  most  important  characteristics  of  this  disease 
—  fatty  metamorphosis  of  epithelium,  the  leathery  consist- 
ency of  the  parenchyma  during  its  atrophy,  the  contraction 
of  the  cortex,  and  that  coarse  granulation  of  the  surface 
which  is  so  constantly  to  be  observed  during  slowly  progress- 
ing Bright's  disease."  He  emphasized  that  neither  albumen 
nor  casts  were  necessarily  the  product  of  an  inflammation, 
and  that  hyperemia  and  serous  transudate  were  not  always 
inflammatory  in  character  "...**  After  all,  it  appears 
more  natural  to  regard  the  kidney  affection  just  described  as 
similar  to  the  nutmeg  liver  which  occurs  so  frequently 
among  heart  cases  under  the  same  conditions."     With  regard 
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to  the  susceptibility  of  such  kidneys  to  Bright's  disease 
Traube  also  expressed  himself:  **  Another  question  is 
whether  this  condition  of  venous  hyperemia  does  not  create 
a  predisposition  to  Bright's  disease.  In  spite  of  the  differ- 
ence in  both  affections  this  is  evidently  not  impossible.  The 
observations  and  statistics  of  Bergson  ®  and  Chambers  have 
lent  some  basis  to  this  view,  but  they  have  failed  to  mention 
to  what  extent  the  valvular  lesion  injured  the  function  of  the 
heart,  and  whether  Bright's  disease  or  valvular  disease  were 
the  primary  disease."  He  then  criticises  their  statistics  and 
concludes :  "  Based  on  my  own  observations  I  venture  to 
say  that  true  Morbus  Brightii  as  a  sequence  of  such  struct- 
ural changes  which  diminish  the  activity  of  the  heart  is  a 
rather  rare  phenomenon,  that  therefore  the  frequent  occur- 
rence of  venous  hyperemia  of  the  parenchyma  of  the 
kidney  creates  no  predisposition  to  Morbus  Brightii.  In 
subsequent  communications  Traube  again  emphasized  that 
venous  congestion  of  the  kidneys  was  clinically  and  ana- 
tomically a  lesion  sui  generis.  He  admitted  later  the  occur- 
rence of  fatty  changes  in  the  tubular  epithelium  as  the 
result  of  nutritive  disturbances  by  a  diminished  arterial 
blood  supply.  But  he  persistently  denied  the  termination  of 
the  process  in  the  so-called  granular  atrophy  of  the  kidney. 

These  views  aroused  considerable  opposition.  In  a  dis- 
cussion following  a  paper  by  Traube  read  on  Feb.  8,  i860, 
Leubuscher  ^  argued  against  extremely  specialized  and 
minutely  detailed  consequences  based  on  certain  facts  as 
complicating  diagnosis  and  practice.  He  believed  a  sharp 
line  between  the  various  kidney  diseases  as  attempted  by 
Traube  to  be  practically  impossible. 

Rosenstein^®  said  that  the  effort  to  separate  the  concep- 
tion of  Bright's  disease  into  several  categories  had  already 
been  initiated  by  Virchow.  He  did  not  agree  with  the  idea 
that  venous  stasis  in  the  kidney  never  led  to  atrophy.  His 
own  observations,  as  well  as  two  by  Frerichs,  and  one  made 
by  Reinhardt  disproved  it.  Even  in  these  cases  the  fatty 
degeneration  of  the  epithelium  initiated  collapse  and  loss  of 
tubules. 
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The  subsequent   discussion   centered    mainly  around  the 
characteristic  anatomical  features  of  inflammation.     Traube 
concluded  it  by  declaring :  "  That  in  his  opinion  it  had  to 
be  sharply  differentiated  whether  swelling  and  fatty  changes 
were  the  result  of  inflammation  or  had  resulted  from  other 
causes;  alone  they  formed  no  criterion.     The  so-called  par- 
enchymatous inflammation  or,  better  termed,  parenchymatous 
process  (after  Beer)  might  occur  in  connection  with  many 
other  lesions;    but   an   inflammation    produced    not    only 
swelling    but   proliferation."     In    the    published   report  of 
these   proceedings   Traube   has   added  a  note  in  which  he 
draws  attention  to  the  fact  that  he  was  really  the  first  one  to 
deny   the   existence   of  parenchymatous   nephritis.     These 
views  of  Traube,  although  classic  in  character,  were  slow  in 
becoming  generally  recognized,  for  it  remained  the  current 
view  that  valvular  diseases  of  the  heart  led  frequently,  partly 
by  stasis  and  partly  by  increased  arterial  pressure,  to  Bright's 
degeneration  of  the  kidneys.     Bamberger  "  particularly  held 
that  Traube's  views  would  remain  isolated.     The  examina- 
tion of  the  kidneys  in  such  cases,  according  to  Bamberger, 
shows  all  those  changes  which  are  characteristic  of  Bright's 
disease,  but  they  present  mostly  the  early  stages,  particu- 
larly that  of  hyperemia,  shown  by  an  injection  of  the  Mal- 
pighian  corpuscles  and  a  general  cloudy  appearance  of  the 
cortex  with  fatty  degeneration  of  the  epithelium  and  exuda- 
tive casts  into  the  tubules.     Thus  the  condition  may  even 
progress  to  atrophy  and  granular  contraction;  he  claimed 
to  have  observed  the  latter  with  certainty  in  some  instances. 
Bamberger  held  that  even  Traube's  own  description  stamped 
the  process  as  an  inflammatory  disturbance  of  nutrition ;  a 
parenchymatous  inflammation.     The  occurrence  or  lack  of 
fatty  changes,  to  which  Traube  and  others  had  paid  much 
attention,  was  considered  of  little  consequence  by  Bamberger, 
as  it  was  not  constantly  associated  with  inflammation.     It  was 
therefore    Bamberger's   opinion   that   a   passive   hyperemia 
might  lead  to  inflammation  as  well  as  an  active  one,  and  he 
agreed  with  the  statistics  of  Bergson,  Chambers,  and  Willigk, 
which  had  been  adversely  criticised  by  Traube.     The  only 
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concession  which  Bamberger  was  willing  to  make  was  that 
in  heart  diseases  the  renal  affection  did  not  frequently 
progress  beyond  the  first  anatomical  stage  of  Bright's 
disease. 

Lecorche^in  1875  still  held  that  cyanotic  induration  of 
the  kidney  was  a  particular  form  of  interstitial  nephritis, 
while  Kelsch^  acknowledged  its  separation  from  Bright*s 
disease  in  1874.  Lepine,^*  in  his  monograph  on  the  progress 
of  kidney  pathology  (1884),  has  not  included  a  consideration 
of  venous  cyanosis.  However,  the  weight  of  opinion  during 
the  seventies  had  become  decidedly  in  Traube's  favor. 
Johnson,*^  for  instance,  in  his  earlier  work  on  the  diseases  of 
the  kidney,  published  in  1852,  rather  opposed  the  idea  of 
any  changes  in  the  kidney  being  the  direct  result  of  mechani- 
cal circulatory  conditions  as  a  consequence  of  heart  or 
respiratory  diseases,  but  had  considered  them  complicated 
processes  which  resulted  from  changes  in  the  blood  due  to 
imperfect  oxygenation  and  accumulation  of  carbonic  acid, 
and  grouped  them  with  Bright's  disease.  But  he  fully 
recognized  and  described  chronic  venous  congestion  in  his 
lectures  on  Bright's  disease  in  1873  as  an  independent  affec- 
tion. He  mentions  the  enlargement  and  induration  of  the 
kidney,  the  backward  distention  from  the  veins  to  the  tubular 
and  to  the  Malpighian  capillaries ;  and  the  consequent  trans- 
udation of  serum  through  these  capillaries.  He  described 
the  Malpighian  capillaries  as  sometimes  ruptured  by  over 
distention,  the  urine  is  then  blood  tinged  and  contains  blood 
casts.  The  ultimate  result  of  long-continued  congestion 
was  in  his  opinion  atrophy  and  contraction  of  the  organ. 
The  kidney  becomes  uneven,  and,  as  the  process  goes  on, 
finely  granular.  On  microscopic  examination  some  of  the 
tubules  may  be  found  opaque  with  disintegrated  epithelium 
and  fibrin,  some  denuded  and  in  various  stages  of  atrophy 
and  contraction.  He  states  particularly  that  when  atrophy 
of  the  kidney  has  been  a  result  of  passive  congestion  conse- 
quent on  mechanical  hindrance  to  the  circulation,  he  has 
never  found  the  muscular  walls  of  the  minute  renal  arteries 
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hypertrophied.  The  clinical  pictures  of  the  lesion  and  the 
urinary  symptoms  were  then  also  given  by  him  in  detail. 

Rosenstein,^®  Klebs,^^  Bartels."  and  Rindfleisch  ^  and  all 
later  authors  recognized  cyanosis  of  the  kidney  as  an  inde- 
pendent affection,  but  the  histogenesis  and  ultimate  fate  of 
the  kidney  under  these  conditions  remained  under  discus- 
sion, and  still  considerably  confused.  Bartels  was  decidedly 
against  the  inflammatory  nature  of  the  process.  He  held 
that  in  pure  cases  the  characteristic  accumulation  of  lym- 
phoid elements  in  the  interstices  was  absent,  as  well  as 
inflammatory  swelling  of  the  cells,  and  that  the  fatty  changes 
were  part  of  the  parenchymatous  atrophy.  The  shallow 
cicatricial  depressions  on  the  surface  he  considered  due  to 
atrophy  and  wasting  of  certain  portions  of  convoluted  tubules 
with  their  glomeruli,  and  distinguished  them  from  the  deeper 
penetrating  scars  which  were  the  results  of  embolic  processes, 
frequently  associated  with  venous  hyperemia.  He  denied  a 
diminution  in  size  below  that  of  the  normal  kidney,  but 
emphasized  that  often  the  reverse  is  true,  a  venous  conges- 
tion superadded  to  a  contracted  kidney.  This  combination, 
he  held,  had  been  the  basis  of  much  confusion. 

Klebs  gave  this  description  of  the  cyanotic  kidney :  **  The 
kidneys  are  enlarged,  the  surrounding  capsule  poor  in  fat ; 
the  dense  fibrous  capsule  easily  removed,  after  which  the 
surface  of  the  kidney  appears  entirely  smooth  and  congested. 
The  veins  of  Verhein  are  markedly  dilated  and  engorged 
with  blood.  On  section  both  parts  of  the  organ  are  red- 
dened, the  medulla  dark  on  account  of  strong  engorgement 
of  the  straight  vessels  of  the  vasa  recta,  the  veins  of  the 
medulla  particularly  engorged.  The  glomeruli  are  not  promi- 
nent, but  engorged.  Microscopically  veins  and  capillaries 
are  markedly  filled,  but  the  epithelium  of  the  tubules  is 
usually  not  changed.  The  interstitial  tissue  is  unusually 
dense,  quantitatively  somewhat  increased  and  more  promi- 
nent than  normal.  It  shows  a  fibrillar  structure."  Klebs 
believed  that  edema  and  dilatation  of  lymphatics  is  infre- 
quent, as  the  induration  of  the  tissue  had  a  tendency  to  pre- 
vent this.     The   transudation   occurs  therefore  much  more 
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abundantly  in  the  capsule  of  the  glomeruli  and  in  other 
serous  membranes.  In  recent  cases  he  found  around  the 
glomerular  capsule  and  the  tubules  lymphoid  elements, 
which  later  led  to  cicatricial  contraction  and  obliteration  of 
tubules  and  glomeruli.  Near  the  cortex  such  changes  might 
lead  to  fine  granular  retraction.  The  condition  may  in  his 
opinion  exist  for  a  long  time  without  functional  disturb- 
ances, but  a  slight  decrease  in  arterial  pressure  may  suffice  to 
throw  out  albumen  from  the  glomeruli.  The  blood,  which  is 
rich  in  carbonic  acid  and  poor  in  oxygen,  interferes  with  the 
nutrition  of  the  epithelium,  producing  a  granular  degenera- 
tion, particularly  in  the  convoluted  tubules. 

Rindfleisch  considered  that  the  induration  in  venous  cyan- 
osis consisted  of  a  gradual  swelling  of  the  tissue.  The  ele- 
ments enlarge,  but  the  number  remains  the  same.  The 
intercellular  tissue  increases  and  assumes  a  fibrillar  character. 
We  deal,  therefore,  with  a  hyperplasia  in  a  limited  and  strict 
sense,  that  is,  a  general  increase  of  all  the  existing  textures 
composing  the  connective  tissue.  Such  a  process,  however, 
does  not  occur  in  any  inflammation,  but  only  in  venous 
hyperemia  and  in  contradistinction  to  inflammatory  hyper- 
plasia is  a  very  general  one.  It  leads  therefore  to  a  uni- 
form enlargement  of  the  organ.  It  depends  upon  better 
nutrition  of  the  parts  and  throughout  has  the  character  of  a 
homologous  formation.  Vessels  and  tubules  are  not  changed 
by  the  connective  tissue.  The  secretion  contains  at  times 
albumen  due  to  a  periodic  increase  in  blood  contents  of  the 
kidney. 

Cohnheim,*^  however,  described  in  addition  to  the  general 
engorgement  of  the  blood  vessels  an  ectasy  of  capillaries ; 
and  that  the  interstitial  connective  tissue  showed  not  only 
cellular  infiltration,  but  quantitative  increase,  while  the  epi- 
thelium became  fatty  only  in  the  severest  cases. 

Runeberg^  found^that  the  interstitial  tissue  had  lost  its 
homogeneous  form  and  changed  to  a  more  fibrillar  structure. 
Usually  it  appeared  slightly  hypertrophied  and  at  times  con- 
siderably infiltrated  with  lymphoid  cells.  The  membrana 
propria   of  the   tubules   has   lost   its   glossy  structure  and 
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appears  more  firmly  attached  to  the  surrounding  connective 
tissue.  The  epithelium  at  times  shows  more  or  less  fatty 
degeneration,  while  the  glomeruli  show  at  least  in  the  begin- 
ning no  changes.  Runeberg  agrees  with  Rosenstein  that 
later  in  the  disease  a  number  of  glomeruli  may  become 
somewhat  atrophic  and  thickened ;  but  strongly  doubts  that 
any  of  these  anatomical  changes  are  sufficient  to  explain  the 
functional  disturbances  in  venous  stasis,  particularly  the 
accompanying  albuminuria.  In  support  of  this  he  cites  a 
statement  of  Bartels  that  the  same  kidney,  which  for  months 
has  secreted  small  amounts  of  an  albuminous  urine  of  high 
specific  gravity,  immediately  responds  with  secretion  of  an 
abundant  albumen-free  urine  of  light  color  and  normal 
specific  gravity  when  cither  natural  or  artificial  events  have 
reestablished  a  normal  aortic  pressure  and  abolished  the 
abnormal  pressure  in  the  venous  system. 

Ribbert"  found  in  a  case  of  stasis  swelling  of  the  epi- 
thelium of  the  Malpighian  capillaries  and  of  the  capsule,  but 
no  desquamation.  Even  after  long  continued  stasis  the 
tubules  were  found  intact.  The  interstitial  tissue  was  not 
broadened,  but  showed  fine  fat  degeneration,  as  did  also  the 
epithelium  of  the  glomerulus. 

II.  Modern  anatomical  observations  and  views.  —  Puri- 
celli,®  from  Bollinger's  laboratory,  in  1886  gave  a  short  review 
of  previous  findings  and  described  the  kidney  changes  in 
nine  cases  which  he  considered  examples  of  the  lesion. 
They  showed  broadening  of  the  interstitial  tissue  almost 
exclusively  in  the  medulla,  colossal  dilatation  and  engorge- 
ment of  capillaries  and  small  veins,  also  mostly  confined  to 
the  medulla;  granular  degeneration  of  epithelium  in  the 
cortex  and  atrophic  degeneration  in  the  medulla ;  small  cell 
infiltration  in  the  cortex,  particularly  near  the  periphery  and 
in  the  neighborhood  of  the  glomeruli.  He  interpreted  the 
thickening  of  the  connective  tissue  as  a  non-inflammatory 
hyperplasia.  The  glomeruli  in  his  cases  were  as  a  rule 
enlarged,  cellular,  with  marked  thickening  of  Bowman's  cap- 
sule, and  infiltrated  with  cellular  elements,  and  there  existed 


Digitized  by  CjOOQIC 


276  OERTEL. 

slight  retraction  of  the  surface  of  the  kidney  by  obHteration 
of  glomeruli  and  their  surrounding  tissue.  Puricelli's  results 
have  been  generally  adopted  and  handed  down  without  much 
criticism.  It  is  plain,  however,  on  careful  review  of  his  evi- 
dence, that  he  fell  into  the  errors  of  some  other  writers. 

Cases  4,  6,  and  7  were  complicated  by  severe  infections 
and  there  can  be  no  doubt  that  the  kidney  showed  not  only 
the  result  of  stasis  but  also  nephritic  lesions.  Case  5  I 
should  also  regard  as  nephritis  with  stasis ;  Case  2  is  compli- 
cated by  arteriosclerosis ;  Case  8,  however,  appears  to  be  a 
perfectly  pure  case  (old  left-sided  valvular  endocarditis)  and 
its  findings  differ  entirely  from  those  of  the  others.  There  was 
no  interstitial  connective  tissue  thickening,  the  glomeruli  and 
the  connective  tissue  around  the  capsule  with  few  exceptions 
normal,  the  vessels  generally  normal,  no  capillary  ectasy.  In 
the  medulla  the  connective  tissue  was  broadened  and  the 
blood  vessels  dilated.  Case  9  also  appears  as  pure  stasis, 
although  an  autopsy  protocol  is  missing.  The  cortex  showed 
practically  no  changes,  the  medulla  dilatation  of  capillaries 
and  broadening  of  the  interstitial  tissue  which  was  quite 
homogeneous  and  not  cellular. 

Indeed,  Puricelli  admits  for  some  of  the  changes  observed, 
for  instance  the  cellular  increase  of  the  glomeruli,  an  inflam- 
matory stimulus.    His  investigations  showed  further  a  remark- 
able  absence   of  casts,  only  in   three   cases,    and    Puricelli 
admits  for  these  cases  also  that  they  might  have  been  com- 
plicated by  interstitial  nephritis.     It  will  therefore  be  seen 
that  Puricelli's  own  cases  are  by  no  means  uniform  nor  con- 
clusive evidence  on  the  results  of  venous  congestion.    On 
the  contrary  the  certain  cases  of  chronic  cyanosis  which  he 
described  do  not  agree  with  his  final  conclusions.     But  it  is 
of  the  utmost  importance  in  a  study  into  the  effects  of  venous 
congestion  upon  the  kidney  to  consider  various  possibilities 
which   may  complicate    the    picture ;   for  this  lesion  is  fre- 
quently  the   result   of  diseases,    like   endocarditis   with  its 
occasional  acute  exacerbations  and   complications,  pericar- 
ditis, and  pleuritis,  or  like  cirrhosis  of  the  liver,  which  expose 
the  kidney  to  periodic  or  terminal  infections  and  inflammatoiy 
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irritants.  The  frequently  accompanying  arteriosclerosis  may 
further  modify  the  results. 

The  importance  of  these  factors  had  already  been  fully 
appreciated  and  discussed  by  Traube  and  Bartels,  but  dis- 
regard and  lack  of  proper  criticism  of  subsequent  authors 
reintroduced  certain  difficulties  which  older  investigators  had 
once  successfully  overcome.  Thus  Puricelli's  description  of 
cyanotic  induration  of  the  kidney  which  eventually  changes 
to  a  granular  atrophy  (Bollinger)  became  generally  recog- 
nized in  text-books,  although  differences  about  many  points 
still  continued.  These  latter  concern  mainly  the  nature  of 
connective  tissue  formation,  the  cortical  changes,  and  the 
granular  atrophy  of  the  organ.  Orth  ^  described  interstitial 
thickening  not  only  in  the  medulla,  but  also  in  the  cortex 
between  tubules  and  around  Bowman's  capsule,  but  ques- 
tioned whether  this  represented  a  genuine  increase  in  fibers, 
or  rather  a  swelling  of  fibers  with  thickening  of  the  inter- 
fibrillar  cement  substance,  which  would  necessarily  make  the 
fibrillar  structure  more  distinct  and  cause  an  increase  in 
volume.  The  epithelium  of  the  cortical  tubules  he  described 
as  cloudy  and  fatty  in  later  stages  and  possessing  distinct 
cilia.  To  the  latter  Lorentz  *  had  already  paid  some  atten- 
tion, inasmuch  as  he  held  that  these  lining  cilia  were  a  pro- 
tection for  secreting  cells  to  prevent  escape  of  albumen  from 
the  cells.  During  stasis  the  cells  become  hydropsical,  bulge 
towards  the  lumen,  and  partly  lose  their  cilia.  The  cells 
devoid  of  cilia  cause  albuminuria.  Orth  mentioned  further 
imbibition  of  the  medullary  epithelial  cells  with  blood  pig- 
ment. He  considered  cell  infiltration  around  the  glomeruli 
and  superficial  atrophic  areas  indirect  results  of  stasis.  The 
latter  he  believed  indistinguishable  from  the  senile  atrophy, 
and  he  also  observed  that  the  first  of  these  changes  may  be 
quite  lacking  even  in  advanced  stasis. 

Senator^  also  followed  mainly  the  Munich  school  and 
recognized  essentially  three  stages  of  the  process:  general 
venous  hyperemia  with  certain  consequences  already  dis- 
cussed, nutritive  results  caused  by  the  circulatory  impedi- 
ment, and  finally  the  **  Stauungsschrumpfniere  "  of  Bollinger, 
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which  is  smaller  than  normal,  pale,  has  a  thickened  capsule 
and  some  superficial  contractions  caused  by  infarctions  and 
localized  parenchymatous  atrophy  induced  by  the  long  con- 
tinued stasis.  Schmaus  and  Horn*'  have  elaborated  these 
various  findings.  They  have  described  the  interstitial  tissue 
between  vessels  and  tubules  as  very  markedly  broadened  by 
a  homogeneous  fibrillar  substance,  all  vessels  —  arteries,  veins, 
and  capillaries — strongly  thickened,  particularly  the  interior 
of  the  arteries,  and  patchy  round  cell  infiltration.  Since 
that  time  (1893)  the  knowledge  of  cyanotic  induration 
of  the  kidney  has  practically  remained  stationary,  and  the 
modern  book  descriptions  are  only  very  general  and  by  no 
means  very  definite. 

Birch  Hirschfeld  ^  discusses  the  subject  very  summarily. 
He  mentions  the  engorgement  of  vessels  and  speaks  of  a 
general  increase  in  fibrous  tissue  with  partial  atrophy  (epi- 
thelial degeneration  in  convoluted  tubules  of  subcapsular 
zone)  and  shallow  retractions  on  the  surface  (Stauungs- 
schrumpfniere).  He  considers  hemorrhages  rare,  occurring 
only  in  intense  hyperemia. 

Ziegler^  speaks  of  broadened  connective  tissue  between 
the  tubules,  but  does  not  specify  its  nature  and  whether  it  is 
diffuse  or  local.  He  speaks  further  of  occasional  slight  cel- 
lular infiltration,  fatty  degeneration  of  some  epithelial  cells, 
particularly  in  the  medulla.  The  glomeruli  he  considers 
generally  unchanged,  only  few  obliterated  and  their  tubules 
collapsed. 

Kaufmann^  regards  the  firmness  of  this  kidney  due  to 
marked  engorgement  of  the  vessels  and  a  simple  hyperplasia 
consisting  in  thickening  and  sclerosis  of  the  walls  of  the  veins 
and  capillaries  and  of  the  interstitial  connective  tissue  par- 
ticularly in  the  medulla,  which  assumes  a  glossy  appearance. 
The  epithelium  of  the  tubules  may  undergo  more  or  less 
fatty  degeneration  forming  the  fatty  kidney  of  heart  disease. 
He  does  not  speak  of  any  particular  change  in  the  glomeruli, 
except  albuminous  transudate  into  the  glomerular  capsule; 
but  he  does  mention  the  occurrence  of  hyaline  casts  and  red 
blood  cells  in  the  tubules  of  the  medulla. 
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Woodhead  ^  speaks  of  large  glomeruli  with  increased  con- 
nective tissue  nuclei(?),  rupture  in  the  tuft  and  masses  of 
altered  blood  in  the  convoluted  tubules;  wedge-shaped 
patches  of  fibro-cellular  tissue  under  the  capsule  (old 
infarcts?)  extending  into  cortex  enclose  some  Malpighian 
corpuscles  and  tubules.  He  further  describes  increase  in 
connective  tissue  nuclei  and  fibriilated  tissue  around  the 
walls  of  capillaries,  and  the  intertubular  vessels  with  a  thick- 
ened hyaline  wall.  Beattie  and  Dickson  ^  in  discussing  the 
general  effects  of  venous  stasis  state  that  it  is  commonly 
taught  that  firmness  in  chronic  venous  congestion  is  due  to 
overgrowth  and  that  this  is  attributed  to  the  increased  lymph 
supply  favoring  the  growth  of  connective  tissue.  Micro- 
scopic examination  shows  that  in  certain  cases,  and  especially 
in  certain  organs,  e.g-,,  the  lungs,  there  is  an  increase  of 
fibrous  tissue ;  but  this  is  by  no  means  common  in  the  other 
organs  in  which  venous  congestion,  even  in  extreme  degree, 
exists.  In  the  lungs  they  consider  it  excited  by  the  irritation 
of  blood  and  carbon  particles.  They  recognize  a  cyanotic 
atrophy  of  organs,  in  which  the  majority  of  cells  are 
destroyed  and  the  organ  shrinks  irregularly  and  becomes 
smaller  than  natural,  but  regard  it  rather  as  atrophy  of 
disease  than  atrophy  due  to  pressure.  (I  am  told  that  Pro- 
fessor Greenfield,  head  of  the  Edinburgh  School  in  Pathology, 
teaches  in  his  lectures  that  venous  cyanosis  does  not  cause 
a  connective  tissue  hyperplasia,  and  does  not  lead  to  granu- 
lar atrophy  in  the  kidneys.  Unfortunately  his  views  have 
not  gained  a  wider  circulation.)  Adami  and  Nicholls®* 
describe  the  kidney  as  enlarged  and  the  vessels  congested. 
Bowman's  capsule  with  an  albuminous  coagulum  and  the 
tubules  with  few  hyaline  casts.  Certain  epithelial  cells  of 
the  descending  loops  contain  blood  pigment.  In  long  stand- 
ing cases  the  capillary  and  venous  walls  appear  thickened, 
there  is  increase  in  interstitial  connective  tissue  and  occa- 
sionally a  round-celled  infiltration.  This  constitutes  the 
cyanotic  induration.  In  some  instances  the  secreting  epithe- 
lium is  found  fatty.  Finally  atrophy  may  result.  Similar 
views  are  voiced  by  Aschoff  in  his  recent  text-book. 
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A  survey  of  the  findings  and  opinions  of  the  various 
investigators  which  have  been  presented  in  outline  above 
shows  that  this  subject  still  has  uncertainties  and  disputable 
points  and  lacks  important  details  in  the  anatomical  changes. 
It  seemed  worth  while  therefore  to  reinvestigate  certain 
features  of  the  process  and  to  add  to  previous  findings. 
This  appears  perhaps  even  more  desirable  when  it  is  con- 
sidered that  the  problem  possesses  more  than  purely  local 
interest,  and  that  the  effects  and  structural  changes  of  venous 
stasis  on  a  tissue  or  an  organ  demand  a  general  theoretical 
and  practical  importance. 

III.  Critic  of  experimental  evidence.  — Before  proceed- 
ing to  the  consideration  of  the  cases  which  form  the  basis  of 
these  observations  it  is  necessary  to  pay  some  attention  to 
the  experimental  evidence.  It  is  unfortunate  that  many 
experiments  which  have  been  performed  in  this  connection 
have  not  contributed  much  of  value  towards  the  general 
knowledge  of  the  effects  of  renal  venous  stasis,  although  they 
have  aided  in  the  elucidation  of  individual  points.  Particu- 
larly the  knowledge  of  the  structural  alterations  in  the  kidney 
has  received  not  only  no  furtherance,  but  rather  a  setback  by 
hasty  interpretation  and  generalization  of  results.  Some  of 
the  objections  to  these  experimental  conclusions  were  already 
voiced  long  ago  by  Senator  in  his  monograph  on  Albuminu- 
ria ;  other  objections  have  developed  by  recent  experiences. 

In  the  first  place  experiments  have  been  frequently  com- 
plicated by  septic  infections,  and  the  results  must  therefore 
be  largely  eliminated ;  there  are  others  in  which  asepsis  was 
questionably  observed  or  in  which  existed  other  possibilities 
of  infection ;  and  their  results  must  be  taken  cum  grano  salis. 
The  generally  quoted  observations  of  Weissgerber  and 
Perls'*  belong  to  this  category.  They  exposed  the  kidney 
and  renal  vein  from  behind  and  produced  stasis  by  tying  a 
rubber  band  around  the  vein,  thereby  narrowing  its  lumen  to 
one-third  the  normal.  All  animals  died  with  septic  mani- 
festations in  from  two  to  four  days,  and  in  ten  out  of  eleven 
rabbits    the  kidneys   showed   few    to   abundant   groups   of 
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micrococci  particularly  in  the  pyramids,  not  in  the  glomeruli. 
Micrococci  were  also  found  in  the  thrombotic  clots  around 
the  ligature  of  the  vein,  and  it  is  evident  that  these  micro- 
cocci spread  from  their  original  focus  to  the  kidney  and 
general  circulation. 

But  disregarding  these  coarser  infections  and  granting  a 
successful  technic,  there  are  several  grave  differences  between 
experimental  and  natural  cyanosis. 

(i.)  Experimental  stasis  is  introduced  suddenly  and 
severely  and  usually  extends  over  a  few  hours  or  days  with 
normal  or  even  increased  aortic  pressure  (marked  collateral 
circulation).  Under  pathological  conditions,  stasis  occurs 
very  slowly  and  gradually  with  diminished  aortic  pressure, 
often  increased  venous  pressure,  and  extends  over  a  long 
period  (months,  even  years).  In  these  pathological  cases 
exists  therefore  the  possibility  of  a  much  greater  adaptation 
or  at  least  modification  of  kidney  substance  and  function  to 
changed  conditions  (Senator). 

It  follows  therefore  that  the  results  which  have  been 
obtained  by  a  sudden  complete  obstruction  of  the  renal  vein, 
as  exemplified  by  the  observations  of  Ph.  Munk  and  Buch- 
wald  and  Litten  possess  no  value  as  far  as  the  study  of 
chronic  cyanosis  is  concerned.  But  even  those  experimental 
procedures  in  which  only  a  more  or  less  coarse  reduction  in 
the  lumen  of  the  renal  vein  is  accomplished,  or  the  experi- 
mental heart  lesions,  are  for  the  reasons  stated  above  by  no 
means  exact  duplications  of  the  conditions  governing  patho- 
logical cases. 

(2.)  Any  stasis  produced  by  operations  on  or  about  the 
kidney  is  associated  or  even  preceded  by  double  trauma, 
partly  by  the  sudden  severe  circulatory  disturbances  and 
partly  by  the  mechanical  procedure  of  the  operation.  If 
any  one  doubts  the  extreme  susceptibility  of  the  kidney  to 
sudden  circulatory  changes  he  will  only  have  to  examine  the 
urine  of  athletes,  oarsmen,  or  wrestlers  after  severe  physical 
strain.  Some  investigators  show  changes  practically  amount- 
mg  to  the  findings  in  severe  degenerative  exudative  nephritis. 
Such  operations  have  therefore  frequently  been  followed  by 


Digitized  by  CjOOQIC 


282  OERTEL. 

firm  and  extensive  adhesions  around  the  kidney,  marked 
thickening  of  £he  capsule,  and  when  it  is  further  remembered 
that  an  additional  injury  to  the  kidney  lies  in  the  anesthesia, 
to  which  many  animals  are  very  susceptible,  it  becomes 
intelligible  that  sometimes  severe  inflammatory  reactions 
within  the  kidney  have  complicated  the  artificial  stasis. 
Braun,**  for  instance,  in  an  experimental  study  devoted  par- 
ticularly to  the  structural  changes  of  the  cyanotic  induration 
of  the  kidney  published  in  1901,  exposed  in  dogs  the  kidney 
from  behind,  ligatured  the  renal  vein  to  one-third  of  its  nor- 
mal caliber  and  killed  the  animals  in  from  eight  to  forty-one 
days.  The  changes  thus  produced  were  out  of  all  propor- 
tion to  those  ever  observed  by  any  one  in  human  beings  even 
after  prolonged  venous  cyanosis.  After  fifteen  days  in  a 
dog,  the  operated  kidney  had  already  shrunk  to  one-fourth 
smaller  than  the  normal  (  ! )  and  was  firmly  bound  to  the 
posterior  abdominal  wall.  Bowman's  capsule  was  thickened, 
the  neighboring  connective  tissue  much  increased,  the 
glomeruli  compressed,  there  existed  cloudy  swelling  of  the 
epithelium  in  the  convoluted  tubules  with  partial  desquama- 
tion and  granular  masses  in  the  lumen  of  these  tubules. 
The  next  dog  developed  an  abscess,  died  of  pneumonia  and 
can  therefore  not  be  used  as  evidence  at  all.  After  twenty- 
five  days,  in  a  third  dog,  the  kidney  appeared  already  com- 
pletely anemic,  the  glomeruli  were  compressed,  and  the 
capsule  filled  with  exudate;  the  connective  tissue  in  the 
medulla  was  increased  and  fibrillar.  Again  after  eight  days 
the  kidney  was  fixed  immovably  to  the  posterior  ab- 
dominal wall ;  the  capsule  was  thickened,  the  cortex  gray, 
and  the  glomeruli  were  compressed  and  contained  exudate. 
The  connective  tissue  was  quantitatively  increased  and 
fibrillar,  while  the  epithelium  of  the  convoluted  tubules 
showed  cloudy  swelling  and  fatty  change.  Similar  conditions 
prevailed  in  the  straight  tubules  with  epithelial  desquamation 
and  exudation.  After  forty-one  days  the  kidney  was  «uch 
diminished  in  size  (!),  Bowman's  capsule  was  very  much 
thickened,  glomeruli  were  compressed,  and  there  was  marked 
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proliferation  of  connective  tissue  everywhere.  The  epithe- 
lium showed  cloudy  swelling,  fatty  degeneration  and  coagula-^ 
Hon  necrosis  (!)  and  desquamation.  These  changes  were 
more  prominent  in  the  medulla.  Braun  himself  concluded 
that  this  is  the  typical  picture  of  early  contracted  kidney. 

It  is  quite  impossible  to  regard  these  cases  as  illustrations 
of  the  anatomical  changes  in  venous  cyanosis.  Even  in 
points  of  resemblance  they  differ  in  being  more  general, 
diffuse,  and  rapid  than  ever  found  in  human  stasis.  More- 
over, associated  early  with  degenerative,  exudative,  and  pro- 
liferative features  in  the  cortex,  much  exudation  into  and 
early  compression  of  the  glomeruli,  desquamation,  and 
necrosis  of  the  epithelium,  and  general  anemia  and  atrophy 
of  the  cortex,  they  present  very  fundamental  qualitative 
differences.  In  other  words,  they  are  illustrations  of  true  and 
rapid  nephritis.  One  would  at  all  events  hesitate  to  compare 
these  unusual  conditions,  the  results  of  these  experiments, 
with  those  of  human  cyanosis,  for,  while  they  undoubtedly 
present  certain  features  of  it,  they  show  so  many  points  of 
qualitative  and  quantitative  difference  that  one  could  not 
separate  the  various  components  of  these  pictures  and 
establish  their  proper  relation  to  each  other  and  to  patho- 
logical venous  stasis. 

IV.  Anatomical  evidence  of  new  material. — The  obser- 
vations of  this  series  were  based  on  fourteen  cases  of  well 
defined  general  venous  stasis.  While  these  fourteen  cases 
have  been  elaborated  in  detail,  they  do  not  represent  all  the 
studied  material,  but  have  been  selected  from  a  large  number 
of  autopsies  in  which  chronic  cyanosis  was  present.  The 
following  tabulation  shows  their  general  character.  Under 
the  heading  of  pure  cases  are  included  all  those  in  which  the 
effects  of  remote  or  recent  infections  on  the  kidney  could  be 
excluded,  while  in  six  other  cases  various  complications 
existed  which  offered  a  possibility  of  additional  structural 
changes  by  active  infections  or  other  agents.  One  case  only 
represented  a  marked  sudden  congestion  with  death  during 
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an  epileptic  convulsion.  The  ages  ranged  from  thirty-two 
to  seventy-four  years ;  of  these  one  was  below  forty,  four 
between  forty  and  fifty,  four  between  fifty  and  sixty,  two 
between  sixty  and  seventy,  two  over  seventy  and  one  un- 
classified (old  man).  There  were  eleven  males  and  three 
females. 

Tabulation  of  Cases. 


PuRK  Casks  op  Long 
Standing. 

RscKNT  Stasis. 

Long  Standing  Casks  with 
Vasious  Coxpucatioks. 

Case  No.  2.    Old   mitral 
stenosis  (healed  endo- 
carditis). 

Case  No.  8.    Death 
during    epileptic 
convulsion. 

Case  No.  i.  Old  mitral  steno- 
sis with  recent  vegetations  on 
aortic  cusps. 

Case    No.  3.     Advanced 
brown  atrophy  of  heart. 

Case  No.  6.    Mitral  and 
aortic  sclerosis  and  in- 
suflficiency;    healed  en- 
docarditis. 

Case  No.  9.     Idiopathic 
heart  hypertrophy. 

Case  No.  4.  Brown  atrophy  of 
heart,  carcinoma  of  stonttch 
with  liver  metastases.  Ter- 
minal lobar  pneumonia  with 
pulmonary  abscess. 

Case  No.  5.  Mitral  and  aortic 
sclerosis  (atheroma).  Tuber- 
culosis of  lungs,  tubercoloBS 
ulcers  of  gut. 

Case  No.  II.     Deforming 
mitral  sclerosis;  healed 
endocarditis. 

Case  No.  12.    Mitral  sten- 
osis   (healed    endocar- 
ditis). 

Case  No.  7.  Deforming  idcro- 
sing  endocarditis  of  aortic 
valve.  Recent  vegetation  on 
one  of  the  cusps. 

Case  No.  10.  Cirrhosis  of  liwr, 
terminal  tuberculous  pcriton- 
itU. 

Case  No.  14.  Mitral  and  aortic 
sclerosis  (moderate).  Carci- 
noma of  esophagus. 

Case    No.    13.      Hyper- 
trophy   of    heart,    ad- 
vanced  fatty  metamor- 
phosis    and     brown 
atrophy. 
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The  gross  appearances.  —  A  study  of  these  cases  showed 
that  the  kidney  in  typical  well  established  venous  congestion 
is  enlarged  and  firm,  has  a  smooth  injected  surface,  an 
easily  removable  non-adherent  capsule;  and  cortex  and 
medulla  appear  prominent.  Some  of  these  factors  are 
variable  within  certain  limits.  The  enlargement  may  be 
almost  missing  and  the  weight  need  not  exceed  that  usually 
found  in  approximately  normal  kidneys,  for  these  factors 
depend  not  only  upon  the  stasis  but  on  the  amount  of 
edema  and  stretching  of  the  tissues,  and  senile  and  arterio- 
sclerotic atrophies.  These  same  conditions  influence  weight, 
color,  and  differentiation,  and  markings  of  cortex  and 
medulla.  With  much  edema  they  will  beqome  irregular  and 
sometimes  indistinct.  To  this  must  also  be  added  the  occa- 
sional occurrence  of  more  pronounced  fatty  changes.  A 
combination  of  these  various  factors  will  give  to  some  cases 
of  advanced  stasis  a  mottled  appearance,  although  the  vas- 
cular changes  will  most  always  outweigh  the  others;  and 
recognition  of  the  lesion  is  almost  always  possible. 

Substantiation  of  the  claim  that  venous  cyanosis  is  fol- 
lowed by  granular  atrophy  of  the  kidney  with  thickening  of 
the  capsule  (Stauungsschrumpfniere  of  the  Munich  School) 
has  not  been  found  in  this  series.  Moreover,  it  appears 
plain  from  microscopical  examination  that  such  an  atrophy 
does  not  occur  as  the  result  of  uncomplicated  venous  con- 
gestion. Loss  of  parenchyma  is  very  limited,  in  many 
cases  absent,  and  the  tissue  is  well  preserved,  although  it 
may  show  some  nutritive  disturbances.  The  accompanying 
venous  engorgement  and  edematous  swelling  would  at  any 
rate  fully  compensate  the  moderate  loss  of  glomeruli  and 
tubules  and  prevent  gross  appearance  of  atrophy  and  col- 
lapse of  kidney  substance.  Whenever  the  latter  make  their 
appearance  they  seem  to  be  due  to  the  frequently  accom- 
panying arteriosclerotic  changes,  notably  the  formation  of 
cicatrized  infarcts,  or  senile  atrophy.  On  the  contrary,  long 
continued  cyanosis  rather  prevents  appreciable  loss  of  kidney 
substance. 
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The  microscopic  findings. 

A.     Changes  in  the  cortex : 

(i.)  The  Malpighian  corpuscles  and  pericapsular  tissue. 
—  The  Malpighian  corpuscles  even  in  recent  stasis  are 
enlarged,  show  well  marked  dilatation  of  the  capillary  net- 
work composing  the  glomerulus  and  a  distinct  lobular 
arrangement.  Associated  early  is  simple  swelling  of  the 
lining  epithelium  and  endothelium  of  the  capillaries.  This 
simple  edematous  swelling  produced  by  stasis  and  occasion- 
ally associated  with  the  appearance  of  fine  fat  drops  must 
not  be  identified  with  the  parenchymatous  degeneration  of 
inflammatory  lesions.  In  the  well  established  cases  the  tuft 
appears  always  very  markedly  engorged  and  fills  the  greater 
part  of  the  capsule,  often  completely.  Afferent  and  efferent 
vessels  are  usually  very  prominent,  the  afferent  vessel  occa- 
sionally swollen  and  thickened,  and  the  endothelial  cells  of 
the  capillaries  also  swollen.  When,  however,  the  engorge- 
ment is  extreme  these  cells  may  appear  flattened  and  thin. 
In  all  long  standing  cases  the  reflected  epithelium  over  the 
tuft  is  markedly  atrophic  and  frequently  has  been  lost.  The 
tightly  stretched  capillaries,  whose  lumen  and  cells  are  made 
very  definite  by  their  dense  blood  columns,  appear  perfectly 
naked  and  the  tuft  is  therefore  poor  in  cells.  This  loss  of 
epithelium,  which  is  very  characteristic  in  long  standing 
stasis,  is  in  all  probability  the  result  of  a  simple  pressure 
atrophy  and  not  associated  with  any  degenerative  changes  in 
the  wasting  epithelium.  In  the  majority  of  glomeruli  the 
tuft  remains  free  within  the  dilated  capsule,  and  the  latter 
frequently  shows  a  moderate  amount  of  granular  albumin- 
ous coagulum,  which  at  times  may  be  considerable.  The 
capsular  wall  is  generally  not  thickened,  but  appears  simply 
swollen  and  hyaline ;  in  many  instances,  however,  it  presents 
remarkable  thinning  and  fibrillar  separation.  The  lining  epi- 
thelium of  the  capsule  also  is  either  swollen,  edematous 
or  elongated  and  thin,  frequently  fibrillar.  Characteristic  is 
a  very  marked  irregularity  in  the  outline  of  the  capsule.  It 
appears  that  under  the  permanent  stretching  and  possible 
pump  action  of  the  much  engorged  tuft  against  the  capsular 
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wall  the  lining  epithelium  and  elastic  fibers  of  the  latter 
become  overstretched  and  atrophic.  (Brodie  (Renal  activity. 
Harvey  Lectures.  Lippincott  Company,  1910)  considers 
the  glomerulus  principally  a  ''  propulsor.''  Nussbaum  also 
observed  in  the  newt  expansion  and  contraction  of  the 
glomerulus  and  pulsation  with  each  heart  beat.)  Thus  the 
lining  epithelium  is  extremely  flattened  under  these  condi- 
tions. Such  thin  walled  glomeruli  show  a  conspicuous 
scalloping  of  the  capsule,  which  in  places  may  assume 
considerable  dimensions.  These  quantitative  changes  are 
at  times  associated  with  others,  which  lead  to  oblitera- 
tion of  the  Malpighian  structure.  Swelling  and  serous 
transudation  within  the  tuft  may  assume  greater  dimensions 
and  lead  to  fusion  of  groups  of  endothelial  cells  and  oblitera- 
tion of  capillary  loops,  with  contraction  and  loss  of  the 
glomerulus.  Occasionally  these  swollen  endothelial  cells 
fuse  with  the  capsular  transudate  and  swollen  lining  cells  of 
the  capsule  to  undergo  a  hyaline  transformation  which 
gradually  involves  the  rest  of  the  glomerulus  and  results  in 
the  formation  of  a  small  hyaline  globule.  This  change 
resembles  somewhat  that  seen  in  nephritis,  but  remains 
conflned  to  few  glomeruli.  Moreover,  these  changes  which 
lead  to  annihilation  of  the  Malpighian  bodies  take  place 
only  within  original  fixed  tissue  cells.  As  far  as  can  be 
seen  they  are  to  be  explained  partly  by  the  vascular  pressure 
and  partly  by  serous  transudate  and  swelling  of  the  cells ; 
and  are  probably  associated  with  nutritive  disturbances  in 
the  cells.  There  is  nowhere  evidence  of  inflammatory 
change ;  invasion  of  foreign  cells,  or  the  formation  of  new 
fixed  cells  and  connective  tissue  replacement  from  the  capsule. 
The  severer  more  advanced  results  described  above  are  not 
general  or  difluse,  nor  do  they  appear  in  all  cases  even  of 
advanced  stasis.  Undoubtedly  they  occur  only  when  the 
transudation  becomes  very  abundant  and  is  retained  in  the 
capsule.  In  this  series  they  were  most  conspicuous  in  Case 
I  (exacerbation  of  fibrous  endocarditis)  where  the  possibility 
of  an  inflammatory  irritant  existed.  Hemorrhages  in  the 
glomerulus  by  rupture  into  the  tuft  are  still  rarer,  although 
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from  dilatation  these  capillaries  may  sometimes  assume  the 
dimensions  of  sinuses.  There  occurs  only  very  rarely 
complete  hemorrhagic  destruction  of  a  glomerulus,  although 
not  uncommonly  there  may  be  blood  pigment  in  the  endo- 
thelial  capillary  cells. 

The  behavior  of  the  pericapsular  connective  tissue  depends 
somewhat  upon  the  changes  within  the  glomerulus,  and  the 
neighboring  parts.  It  is  generally  edematous  and  stretched, 
particularly  when  the  tuft  has  been  lost  and  the  glomerular 
capsule  has  collapsed  or  it  may,  by  a  colossal  edematous  dis- 
tention, tend  to  a  compression  of  the  glomerular  capsule. 
Lymphatics  around  the  Malpighian  corpuscles  are  occasion- 
ally enormously  enlarged  and  engorged  with  lymph.  Some- 
times the  pericapsular  tissue  may  present  a  thickened 
appearance,  but  this  appears  solely  due  to  a  hyaline  fusion 
of  old  edematous  tissue  and  not  to  a  new  formation  of  con- 
nective tissue.  In  fact  there  exists  generally  absence  of  any 
appreciable  fibroblastic  or  lymphoid  cell  invasion,  although 
in  six  cases  a  localized  streaky  accumulation  of  lymphoid 
cells  within  dilated  lymphatics  was  observed.  It  occurred  in 
four  cases  in  some  of  the  lymph  tributaries  of  larger  vessels 
particularly  the  veins:  Cases  3,  11,  and  13  of  pure  stasis  and 
in  Case  14  complicated  by  carcinoma  of  the  esophagus. 
One  case  (4),  carcinoma  of  the  stomach  with  liver  metastases 
and  terminal  lobar  pneumonia  and  pulmonary  abscess,  showed 
a  few  localized  lymphoid  accumulations  directly  under  the 
capsule,  and  in  one  case  ( ( i )  endocarditis  with  acute  exacer- 
bation) it  was  prominent  in  some  lymphatics  which  accom- 
pany the  vessels  of  the  loops  and  collecting  tubules  from 
medulla  to  cortex.  In  no  case  were  these  accumulations 
diffuse ;  nor  did  they  assume  the  character  of  focal  infiltra- 
tions, but  seemed  to  depend  primarily  upon  marked  lymph 
stasis.  In  Case  i  (exacerbation  of  fibrous  endocarditis), 
where  this  condition  appeared  most  prominently,  the  possi- 
bility of  a  superadded  infection  existed,  although  no  other 
evidences  of  such  were  found.  It  is  certain  that  many  cases 
of  severe  stasis  occur  without  any  such  manifestations. 

The   changes   described   above   appear   to  represent  the 
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direct,  immediate,  and  remote  effects  of  chronic  stasis  in  and 
around  the  glomeruli.  Additional  findings  which  are  observed 
at  times  and  have  been  described  by  others  are  evidently 
not  the  results  of  the  circulatory  disturbances  but  of  super- 
added irritative  influences.  These  are  parenchymatous  degen- 
eration of  the  glomerular  cells  and  capsular  epithelium,  an 
increase  in  the  cell  contents  within  the  tuft,  general  hyaline 
obliteration  of  Malpighian  corpuscles,  and  hyperplasia  of 
the  pericapsular  tissue.  In  this  series  cellular  increase  and 
plumpness  due  to  cloudy  swelling  of  the  tuft  was  observed 
only  twice :  in  a  case  of  cirrhosis  of  the  liver  with  tuber- 
culous peritonitis  in  which  the  stasis  had  evidently  been 
complicated  by  the  effects  of  an  infection,  and  in  a  case  of 
mitral  and  aortic  sclerosis  complicated  by  tuberculosis  of  the 
lungs  and  gut.  A  similar  explanation  will,  I  believe,  be  found 
applicable  in  cases  where  such  destruction  and  proliferative 
features  have  appeared  during  the  course  of  venous  hyper- 
emia. In  this  connection  it  must  also  be  mentioned  that  in 
some  cases  infarct  formation  involved  isolated  Malpighian 
corpuscles  and  their  immediate  surroundings  in  streaky  scar 
tissue ;  and  that  perivascular  thickening  of  vessels  at  times 
extended  to  neighboring  pericapsular  tissue.  Such  lesions 
must,  of  course,  be  separated  from  the  changes  incident  to 
stasis. 

(2.)  The  convoluted  tubules  and  the  intertubular  tissue. 
—  The  convoluted  tubules  even  in  long  continued  stasis  may 
be  remarkably  well  preserved.  Usually  they  are  large,  wide, 
and  not  distorted.  Their  basement  membrane  is  definite 
and  not  thickened,  and  sometimes  shows  hyaline  swelling. 
Occasionally  some  compression  by  massive  edema  may 
occur.  The  epithelium  of  these  tubules  is  generally  rather 
swollen,  granular  and  sometimes  sufficiently  edematous  to 
bulge  distinctly  towards  the  lumen.  Desquamation  and 
necrosis  never  occur  in  pure  stasis.  Even  the  cases  com- 
plicated by  infections  left  the  convoluted  tubules  relatively 
clear.  In  two  cases  of  pure  stasis  the  formation  of  new 
nuclei,  sometimes  leading  to  multinuclear  cells,  was  plain. 
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This  process  was  still  more  evident  in  the  medullary  portions 
of  the  loops  and  collecting  tubules  and  will  be  described 
further  under  the  heading  of  medulla.  Hemorrhages  into 
these  tubules  have  not  been  observed. 

The  capillaries  between  the  tubules  show  throughout  a 
very  marked  engorgement  which,  while  generally  not  equal- 
ling the  dilatation  of  the  medullary  vessels,  may  in  some 
cases  reach  equal  dimensions.  Ectasy  of  the  capillaries  is 
less  frequent  in  the  cortex  than  in  the  medulla. 

The  intertubular  tissue  shows  considerable  variation  in 
edematous  imbibition  and  stretching.  In  some  cases  it  may 
reach  great  dimensions,  but  usually  it  is  less  and  somewhat 
more  irregular  than  in  the  medulla.  A  new  formation  of 
connective  tissue  is  absent,  and  the  broadened  spaces  were 
seen  only  in  four  cases,  two  of  which  were  complicated  by 
acute  infections,  to  contain  a  few  compressed  fibroblasts 
within  edematous  tissue. 

The  larger  vessels  of  the  cortex  are  all  markedly  dilated 
and  their  adventitia  generally  definitely  thickened.  This 
thickening  may  extend  in  streaks  carrying  fibroblasts  to 
some  of  the  adjoining  structures.  The  adventitia  shows, 
further,  much  edema  and  the  veins  particularly  are  sur- 
rounded by  dilated  lymphatics  which  occasionally  carry 
lymphoid  cells. 

Endarterial  thickening  also  occurs,  but  is  less  conspicuous 
and  much  more  variable.  In  fact  it  is  questionable  how 
much  this  vascular  thickening  is  due  to  the  stasis  alone,  as  a 
large  number  of  cases  in  which  cyanotic  induration  of  the 
kidney  occurs  are  associated  with  arterioscrerosis  and  infarct 
formation.  The  cases  of  this  series  showed  considerable 
variation  which  did  not  seem  to  correspond  directly  to  the 
degree  or  length  of  the  cyanosis. 

B.     The  changes  in  the  medulla : 

(i.)  The  vessels  and  interstitial  tissue. — The  same  con- 
ditions prevail  essentially  in  the  medulla  that  exist  in  the 
cortex,  only  with  more  accentuation  and  some  modification. 
The   medullary   vessels   as  well    as   all   capillaries    and  the 
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lymphatics  show  the  eflfects  of  venous  cyanosis  in  colossal 
and  early  dilatation,  which  in  the  capillaries  frequently 
amounts  to  a  true  ectasy.  This  much  greater  involvement 
of  the  medulla  becomes  intelligible  on  anatomical  grounds, 
for  part  of  the  branches  of  the  renal  artery  enter  directly 
into  the  capillary  system  of  the  medulla  without  passing 
through  the  glomeruli  at  all.  This  causes  necessarily  a 
much  greater  venous  tension  in  these  structures,  while  the 
cortex,  and  particularly  the  glomeruli,  are  least  under 
venous  pressure.  On  the  other  hand,  they  suffer  more  from 
decline  in  aortic  pressure. 

In  advanced  cases  where  the  edema  of  the  interstitial 
tissue  has  become  very  massive,  compression  of  certain 
vascular  districts  may  take  place,  the  injection  of  the  vessels 
appears  then  more  irregular.  The  dilated  lymphatics  sur- 
rounding the  loops  and  collecting  tubules  are  prominently 
dilated  and  in  one  case  were  filled  with  lymphocytes. 

The  character  of  the  interstitial  tissue  can  be  particularly 
well  studied  in  the  medulla.  It  is  markedly  broadened  and 
presents  a  very  characteristic  structure.  It  is  made  up  of  a 
very  delicate  felt-like  network  of  fine  fibrils,  which  appear 
to  be  derived  by  a  gradual  edematous  stretching  from  the 
original  connective  tissue  and  seems  to  carry  much  cement 
substance  within  its  meshes.  At  times  it  assumes  an  almost 
homogeneous  hyaline  appearance,  due  to  fusion  and  possible 
coagulation  of  its  constituents.  Evidences  of  proliferation 
or  hyperplasia  of  this  tissue  can  nowhere  be  made  out,  and 
in  fact  there  exists  a  remarkable  absence  of  any  nuclei. 
This  increase  of  interstitial  tissue,  which  has  already  been 
well  described  by  Schmaus  and  Horn,  occurs  therefore 
entirely  at  the  expense  of  old  connective  tissue  and  consti- 
tutes no  hypertrophy  or  hyperplasia  in  the  usually  employed 
sense.  It  must  be  attributed  solely  to  the  results  of  edema- 
tous swelling  of  the  parts. 

(2.)  The  loops  and  collecting  tubules.  The  formation 
of  hyaline  casts.  Epithelial  proliferation. — The  tubules  of 
the   medulla  for  reasons  explained  above  are  apt  to  suffer 
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somewhat  more  from  the  severer  effects  of  stasis  than  those 
of  the  cortex.  Still  even  in  pronounced  cases  they  never 
show  those  destructive  or  degenerative  changes  which  occur 
in  the  inflammatory  conditions.  They  may  be  at  times 
compressed,  particularly  the  thin  loops,  and  in  very  rare 
instances,  in  isolated  tubules,  their  swollen  epithelium  may 
fuse  to  hyaline  casts.  More  often  these  cells  show  moderate 
edematous  swelling  and  some  vacuolization,  but  on  the 
whole,  except  when  they  become  connected  with  casts,  they 
retain  their  individual  outline.  It  is  common  to  find  granu- 
lar blood  pigment  within  the  lining  cells,  particularly  in  the 
collecting  tubules ;  and  at  times  irregular  clumps  of  blood 
pigment  and  shadows  of  red  blood  cells  resulting  from  hem- 
orrhage may  be  seen  to  fuse  into  homogeneous  casts  within 
these  tubules.  It  is  evident  that  these  gradually  lose  their 
hemoglobin  contents  as  they  may  be  found  in  all  shades  to 
the  character  of  hyaline  casts.  However,  the  largest  num- 
ber of  casts,  which  usually  appear  abundantly  in  the  loops 
and  particularly  the  collecting  tubules,  owe  their  origin  to 
other  sources,  as  they  occur  in  good  numbers  even  when 
hemorrhages  or  hyaline  fusion  of  compressed  tubular  cells 
cannot  be  demonstrated.  They  are  missing  in  recent  stasis. 
These  genuine  hyaline  casts  are  never  found  in  the  upper 
part  of  the  tubules ;  and  this,  along  with  the  fact  that  the 
amount  of  transudation  into  the  capsules  seems  to  stand  in 
no  relation  at  all  to  the  number  of  these  casts,  speaks 
decidedly  against  their  derivation  from  coagulated  and  fused 
albuminous  transudate  from  the  glomerular  capsule.  It  is 
well  known  that  their  origin  has  been  the  cause  of  much 
controversy,  and  that  even  to-day  there  exists  no  uniformity 
of  opinion  about  their  source. 

Originally  it  was  claimed  by  earlier  investigators,  Ph. 
Munk**  and  Burkart,"  that  the  occurrence  of  hyaline  casts 
was  an  indication  of  inflammatory  action  and  never  occurred 
in  pure  stasis.  These  views  were  later  contradicted  by 
Erythropel,*^  who  claimed  to  have  found  them  seven  hours 
after  tying  of  the  renal  vein.  But  Weissgerber  and  Perls 
properly  remarked   that   none   of  these  observations  were 
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applicable  to  the  solution  of  the  problem  under  discussion 
because  the  conditions  in  the  kidney  resulting  from  ligature 
of  the  vein  are  totally  different  from  the  results  of  patho- 
logical venous  congestion.  To  that  must  be  added  that 
hyaline  casts  are  not  composed  of  ordinary  fibrin.  Later 
experiments  have  demonstrated  hyaline  casts  in  the  urine 
after  either  short  ligature  of  the  vein  (one-half  hour)  (Vor- 
hoeve,^  Ribbert*^)  or  after  simple  reduction  in  the  caliber 
of  the  renal  vein  (Posner,**  Litten**).  These  experiments 
were,  however,  most  always  followed  by  severer  changes  in 
the  renal  epithelium  and  the  lumen  of  the  tubules  was  filled 
early  by  granular  cellular  detritus,  which  later  might  fuse  to 
casts  (Litten).  They  resemble,  therefore,  more  closely  the 
conditions  which  exist  in  nephritis,  and  it  cannot  be  supposed 
that  this  process  can  be  the  main  source  of  these  casts  in 
renal  stasis.  Posner's  experiments  showed  milder  lesions. 
After  a  few  hours  of  partial  reduction  of  the  vein  the  glomer- 
uli and  tubules  contained  only  granular  albuminous  precipi- 
tate, while  some  columns  of  the  epithelial  cells  were  well 
preserved.  After  twenty- four  hours  all  the  tubules  contained 
homogeneous  hyaline  casts.  Posner  believed  that  casts  owe 
their  origin  largely  to  transudation,  but  he  did  not  eliminate 
entirely  red  or  white  cells  as  contributory  elements.  He 
denied  their  origin  from  epithelial  cells,  or  from  a  croupous 
fusion  of  epithelial  cells  with  lymph  or  exudate. 

Ribbert  sought  to  prove  the  derivation  of  these  casts  by 
the  injection  of  a  carmine  solution  into  the  jugular  vein  of  a 
rabbit  thirty-five  minutes  after  removal  of  a  ligature  of 
the  renal  vein  which  had  been  in  operation  for  one  and  a 
half  hours.  Autopsy  showed  Bowman's  capsule  and  parts  of 
the  tubules  filled  by  coagulated  reddish  albumen,  and  a  few 
almost  colorless  hyaline  casts,  though  the  epithelium  of  some 
tubules  was  filled  with  carmine  particles.  Ribbert  concludes 
that  the  almost  colorless  casts  (not  entirely  so,  for  they  are 
described  as  with  a  reddish  tinge)  and  albumen  could  not  be 
derived  from  the  epithelial  cells.  This  is,  however,  not  a 
convincing  proof,  for  it  is  quite  possible  that  disintegration 
of  epithelium  might  produce  certain  changes  in  the  carmine 
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Stain;  especially  as  the  casts  and  albumen  masses  were 
slightly  reddened. 

Of  great  value  for  the  understanding  of  the  formation  of 
these  casts  has  been  the  direct  anatomical  observation  of 
diseased  organs.  It  is  now  well  settled  by  these  observations 
that  hyaline  casts  are  not  characteristic  of  inflammatory 
changes  only.  They  occur  with  great  regularity  and  some- 
times in  abundance  in  non-inflammatory  diseases,  particularly 
in  advanced  chronic  cyanosis,  and  to  a  lesser  extent  in  the 
amyloid  kidney ;  they  are  common  in  icterus,  cholera,  and 
even  long  continued  constipation  and  arteriosclerosis.  As 
regards  their  origin  Senator  in  particular  strongly  denied 
their  derivation  from  serum  albumen,  at  least  pure  serum 
albumen,  and  traced  them  to  desquamated  and  fused  epithe- 
lial cells,  or  at  least  albuminous  lymph  which  has  been  mixed 
with  degenerating  epithelial  cells  (Weigert**).  Similar  views 
had  already  been  expressed  by  Ottomar  Bayer  in  1868,** 
who  claimed  to  have  observed  the  transformation  of  epithe- 
lial cells  through  all  stages  to  hyaline  casts,  while  Rind- 
fleisch,  Klebs,  and  Bartels  regarded  them  mainly  as  results 
of  exudative  changes,  but  admitted  that  red  blood  cells 
might  enter  into  the  formation  of  some,  particularly  the 
colloid  (Klebs)  and  waxy  (Bartels)  casts. 

Senator  based  his  objections  to  the  derivation  of  hyaline 
casts  from  exuded  blood  serum  upon  several  factors :  first, 
their  chemical  composition,  which  shows  them  not  to  be  fibrin. 
Second,  the  lack  of  parallelism  between  albuminuria  and 
cast  formation,  and  the  fact  that  in  chyluria  the  urine  is 
particularly  poor  in  casts.  Third,  the  antagonistic  property 
of  urine  to  coagulation  of  serum.  Fourth,  the  scarcity  of 
casts  in  amyloid  disease.  Senator  doubtless  went  too  far  in 
an  endeavor  to  trace  all  hyaline  casts  to  epithelial  fusion  and 
in  the  absolute  importance  of  his  objections  to  other  sources. 
His  conclusions  have  been  critically  reviewed  in  this  respect 
by  Weissgerber  and  Perls. 

Observations  of  Axel  Key,  ^  Litten,  Weissgerber  and  Perls, 
Cornil,  ^  Lepine,  Orth,  and  others  seem  to  have  demonstrated 
the  occurrence  of  a  physically  similar  substance  between  the 
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membrana  propria  of  the  epithelial  cells  of  the  tubules,  and 
further  that  hyaline  or  colloid  globules  may  appear  within 
cells  to  be  discharged  and  fuse  to  hyaline  or  colloid  masses. 
These  have  been  termed  secretion  casts.  It  is  questionable 
whether  some  of  these  changes  were  not  artefacts  or  degen- 
erative cellular  changes.*^ 

The  observations  of  the  cases  comprising  this  series  have 
demonstrated  that  a  large  number  of  hyaline  casts  in  stasis 
owe  their  origin  to  transudation  of  stagnant  lymph  through 
and  between  swollen  edematous  epithelial  cells  in  the  lower 
parts  of  the  loops  and  collecting  tubules,  and  that  occasion- 
ally such  cells  are  torn  from  their  basement  membrane  and 
consumed  with  the  hyaline  masses.  This  process  was 
observed  in  various  stages.  At  first  the  coagulated  masses 
were  still  attached  to  the  surface  and  between  the  epithelial 
cells.  Recently  torn  off  casts  presented,  therefore,  a  peculiar 
punched  out  periphery,  were  indented  and  stellate,  corres- 
ponding to  the  shape  of  the  lining  cells  between  and  through 
which  they  passed.  Occasionally  these  recent  casts  were 
seen  to  contain  broken  off  fading  epithelial  cells.  This  was 
particularly  well  shown  when  these  cells  had  originally  con- 
tained blood  pigment,  which  was  also  consumed  in  the  hyaline 
mass.  On  the  downward  road  these  casts  were  gradually 
compressed  to  rounded  masses  and  their  edges  smoothed  off. 

The  coagulation  of  this  transuded  albuminous  lymph  seems 
to  be  accomplished  by  its  contact  with  the  edematous 
swollen  epithelial  cells  of  the  tubules ;  and  the  idea  of  a 
ferment  action  seems  very  probable,  for  these  cells  them- 
selves are  considerably  altered  by  autolytic  processes,  or 
by  other  changes  due  to  long- continued  edematous  imbibi- 
tion. Lymph  is  easily  coagulable  and  it  is  also  likely  that 
stagnation  further  increases  the  coagulability  of  the  lymph. 
While  it  seems  certain,  therefore,  that  the  bulk  of  the  hyaline 
casts  originate  in  venous  congestion  as  just  described,  the 
evidence  also  shows  that  some  may  either  become  mixed 
with  epithelial  remnants,  blood  cells  or  blood  pigment,  and 
that  casts  may  owe  even  their  entire  origin  either  to  fused 
hemorrhages  or  desquamated  compressed  epithelium  from 
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the  loops.     The  latter  formation,  however,  must  be  regarded 
as  rare  in  stasis  and  only  incidental. 

There  remains  the  matter  of  epithelial  proliferation,  which 
was  particularly  marked  in  two  cases  of  this  series,  and  has 
already  been  referred  to  in  connection  with  the  convoluted 
tubules.  As  far  as  I  can  see  this  change  has  not  been 
reported  in  the  observations  on  chronic  cyanosis  of  the 
kidney.  We  know  by  recent  investigations  that  proliferation 
of  epithelium  in  nephritis  and  degenerative  lesions  of  the 
kidney  is  a  rather  constant  phenomenon  and  may  reach  con- 
siderable dimensions  amounting  to  a  diffuse  infiltration  of 
the  tubules  (particularly  loops  and  collecting  tubules)  by 
newly  formed  epithelial  masses.  In  the  convoluted  tubules 
there  occurs  more  often  the  formation  of  a  new  syncytial 
lining  or  the  formation  of  giant  cells.  This  subject  has  been 
reviewed  by  me  ^  and  recently  by  Wittich,**  where  discus- 
sions of  the  matter  may  be  found.  These  changes  in  stasis 
are  not  so  extensive  or  diffuse,  they  are  confined  to  a  more 
or  less  abundant  formation  of  new  nuclei  with  the  formation 
of  multinuclear  cells ;  they  are  restricted  to  the  cells  lining 
the  tubules  and  occur  mostly  by  amitosis.  The  formation 
of  typical  multinuclear  giant  cells,  frequent  in  nephritis, 
is  missing,  but  occasionally  a  syncytial  lining  is  found. 
These  findings  and  points  of  difference  between  the  epi- 
thelial proliferation  in  nephritis  and  chronic  cyanosis  seem 
to  indicate  that  this  process  in  stasis  is  evidently  of  a  repara- 
tive nature  in  contradistinction  to  the  nephritic  proliferation 
which  has  all  the  peculiarities  of  a  diffuse  catarrhal  inflam- 
matory parenchymatous  proliferation. 

V.  Albuminuria. — The  albuminuria  in  venous  cyanosis 
of  the  kidney  demands  special  consideration  in  view  of  the* 
anatomical  findings  recorded  above.  It  is  well  known  that 
there  has  been  considerable  discussion  regarding  the  source 
of  serum  albumen  and  the  exact  mechanism  by  which  it 
enters  the  urine. 

Two  possible  sources  have  been  mentioned.  Based  par- 
ticularly  on   experimental    evidence.   Senator*^    held    that 
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albumen  transuded  directly  from  the  interstitial  capillary  and 
lymph  system  into  the  tubules.  In  this  connection  he  with 
Lecorche  and  Cornil  attributed  considerable  importance  to 
damaged  epithelial  cells.  Now  while  this  may  occur  experi- 
mentally in  very  rapidly  produced,  severe  venous  compression 
with  strong  or  at  least  normal  aortic  pressure,  where  cells 
and  basement  membrane  are  likely  to  be  much  injured,  certain 
objections,  of  which  I  have  already  mentioned  some,  argue 
strongly  against  any  appreciable  transudate  of  fluid  albumen 
directly  from  the  capillary  or  lymph  system  into  the  tubules. 
Anatomical  observations  of  pathological  cases  have  demon- 
strated that  lymph  (not  pure  blood  serum)  passes  slowly 
and  very  gradually  from  the  interstitial  lymphatics  through 
the  swollen,  hyaline  membrana  propria  of  the  tubules.  It 
passes  between  and  through  the  swollen  lining  epithelial  cells 
into  the  lumen,  where  it  coagulates  to  casts. 

But  much  evidence  supports  the  view  that  at  least  the 
largest  amount  of  the  fluid  serum  albumen  transudes  with 
the  urine  water  through  the  glomeruli.  We  find  in  the 
dilated  glomerular  capsule  an  abundant  coagulated  transu- 
date. It  is,  however,  not  definitely  settled  by  what  mechan- 
ism this  occurs. 

The  excellent  experiments  of  Runeberg"  demonstrated 
conclusively  that  the  older  view,  which  attributed  the  albumi- 
nuria of  stasis  to  increased  pressure,  was  erroneous,  but  on 
the  contrary,  albumen  filtered  better  under  low  than  high 
pressure.  Posner  added  to  this  the  necessity  of  slowing  of  the 
blood  current.  Both  of  these  factors  enter  into  the  condi- 
tion within  the  glomeruli  during  pathological  venous  stasis; 
since  the  glomeruli,  for  reasons  previously  explained,  are 
least  affected  by  the  increased  venous  pressure  (some  authors 
have  even  denied  any  influence),  while  they  necessarily 
suffer  most  from  the  decline  in  aortic  pressure  and  slowing 
of  the  blood  current.  However,  it  has  been  doubted  for 
various  reasons  whether  these  more  or  less  purely  mechanical 
conditions  are  sufficient  to  explain  the  increased  transudation 
of  serum  albumen  through  the  capillary  loops  of  the 
glomerulus.     Many  modern  writers  have  therefore  returned 
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to  the  ideas  of  Heidenhain,*^^  Cohnheim,"  and  others,  that 
albuminuria  represents  primarily  a  lesion  of  the  lining 
epithelium  of  the  tuft.  Krehl,**  for  instance,  holds  that 
opinion.  The  anatomical  evidence  here  recorded  does  not 
lend  any  support  to  this  conception.  In  practically  all 
advanced  cases  of  stasis  the  epithelial  lining  of  the  glomeruli 
is  either  entirely  lost  or  markedly  compressed  and  atrophied. 
Still  the  albuminuria  in  these  instances  does  not  seem  to 
increase  to  very  large  amounts  as  one  would  expect,  but 
always  remains  quite  moderate  and  its  variations  appear  to 
depend  very  directly  upon  the  circulatory  conditions.  This 
direct  influence  is  so  apparent  that  one  can  hardly  assume  a 
correspondingly  rapid  regeneration  of  this  epithelium.  Fur- 
thermore, microscopic  examination  does  not  reveal  a  greater 
abundance  of  albuminous  transudate  as  the  epithelium 
wastes,  even  in  those  glomeruli  which  have  completely  lost 
their  lining  epithelium  and  appear  as  naked  capillaries.  In 
some  the  capsule  may  not  be  dilated  nor  filled  with  albumi- 
nous transudate,  showing  that  the  transuded  amount  must 
have  been  small  and  directly  discharged  as  under  normal 
conditions. 

But  this  loss  of  epithelium  has  still  another  interest.  It 
does  not  appear  that  glomeruli  devoid  of  their  epithelium 
have  lost  their  functionating  capacity,  but  simply  transude  a 
somewhat  more  albuminous  fluid  than  under  normal  condi- 
tions, a  state  of  affairs  which  argues  against  any  specific 
secretory  activity  of  the  glomerular  epithelium.  The  ana- 
tomical evidence  here  presented  therefore  lends  weight  to 
the  belief  that  the  appearance  of  serum  albumen  in  the  urine 
during  the  course  of  chronic  venous  congestion  depends 
mainly  upon  the  circulatory  disturbances  in  the  glomeruli 
which  become  associated  with  certain  nutritive  changes  in 
the  endothelial  cells  and  in  the  intercellular  substance. 
These  changes  lead  to  increased  permeability  of  the  capilla- 
ries to  serum  albumen.  The  epithelium  of  the  tuft  seems 
not  to  be  concerned  in  this  process. 
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VI.    Summary. 


1.  The  kidney  of  chronic  venous  stasis  is  primarily  a 
moderately  enlarged  organ,  firm  and  congested  with  definite 
markings  and  usual  relations  of  cortex  and  medulla. 

2.  In  advanced  cases  edematous  imbibition  may  lead  to 
marked  enlargement  and  increase  in  weight  of  the  organ, 
and  to  irregular  evidences  of  congestion.  Occasionally  it 
may  produce  more  or  less  obliteration  of  markings  which  arc 
replaced  by  a  pale  moist  appearance,  swelling  of  the  parts 
and,  if  nutritive  changes  become  prominent,  by  yellowish 
(fatty)  spots.  It  may  under  such  conditions  be  confounded 
with  nephritis. 

3.  Microscopical  characteristics  are:  engorgement  and 
enlargement  of  glomeruli;  loss  of  glomerular  epithelium; 
albuminous  transudate  into  the  capsule,  which,  if  retained, 
may  in  rare  instances  fuse  with  the  edematous  swollen  cells 
of  tuft  and  capsule,  and  the  whole  undergo  subsequent 
hyaline  metamorphosis;  hyaline  swelling  or  thinning  and 
scalloping  of  capsule ;  edematous  stretching  and  fibrillation 
of  the  intertubular  tissue  most  prominent  in  the  medulla; 
dilatation  of  capillaries  to  ectasy,  also  most  prominent  in  the 
medulla ;  dilatation  of  the  lymphatics  particularly  around  the 
veins,  loops,  and  collecting  tubules,  which  become  filled  with 
stagnant  lymph  and  occasionally  with  lymphocytes ;  edematous 
imbibition  and  moderate  granular  and  fatty  metamorphosis  of 
tubular  epithelium  ;  formation  of  new  epithelial  nuclei  leading 
to  the  formation  of  multinuclear  cells  and  syncytial  lining  in 
the  tubules,  particularly  in  the  loops  and  collecting  tubules ; 
occasional  hemorrhages  in  the  medullary  tubules;  blood 
pigment  in  the  epithelium  of  loops  and  collecting  tubules ; 
hyaline  casts  mostly  derived  from  transuded  lymph  with 
some  from  desquamated  epithelium  and  from  hemorrhages 
in  loops  and  collecting  tubules. 

4.  (a)  Focal  or  diffuse  inflammatory  cellular  foci  do  not 
occur;  (b)  a  new  formation  of  connective  tissue  does  not 
occur ;  {c)  granular  atrophy  of  the  kidney  does  not  occur. 
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5.  Larger  blood  vessels  show  usually  adventitial  thicken- 
ing and  edema,  also  rather  irregular  endarterial  thickening. 
These  are  variable  findings  in  pure  cases. 

6.  Chronic  cyanosis  occurs  frequently  in  connection  with 
arteriosclerosis,  productive  nephritis  and  senile  atrophy. 
Such  combinations  present  complicated  anatomical  pictures. 
Acute  or  subacute  infections  may  also  introduce  additional 
structural  changes  to  an  existing  stasis. 

7.  The  accompanying  albuminuria  depends  upon  an 
increased  transudation  of  albuminous  fluid  through  the 
glomeruli. 

8.  It  does  not  appear  that  the  lining  epithelium  of  the 
glomerular  tuft  has  any  connection  with  the  albuminuria,  or 
that  it  exercises  any  influence  over  the  transudation  from 
the  glomerulus. 

9.  The  term  ** cyanotic  induration"  should  not  be  em- 
ployed in  the  ordinary  sense  of  connective  tissue  hyper- 
plasia ;  if  used  at  all  it  should  only  allude  to  the  physical 
character  of  the  kidney. 

10.  These  investigations  uphold  in  general  the  original 
contentions  of  Traube  uttered  in  1856. 

VII.    Addenda:    Protocols    (Abbreviated). 

Case  No.  i.  —  No.  1907.  J.  C,  male,  age  32,  169  centimeters,  128 
pounds.  Died  Dec.  16,  1910;  autopsied  Dec.  16,  1910.  Old  standing 
mitral  stenosis  (mitral  admits  only  tip  of  finger).  Mitral  segments  adher- 
ent to  each  other,  the  upper  margin  of  the  cusps  covered  by  numerous 
vegetations.  The  segments  of  the  aortic  valve  with  more  recent  fibrinous 
deposits.  The  tricuspid  valve  markedly  dilated  admits  five  fingers.  Heart, 
weight,  700  grams.    General  venous  stasis.    Ascites. 

Left  kidney,  200  grams ;  slightly  enlarged.  The  capsule  strips  easily 
and  is  not  thickened.  Cortex  slightly  atrophied,  mottled  in  color,  some 
parts  red,  others  pale.  The  vessels  at  the  base  not  thickened.  Right 
kidney,  175  grams;  similar  to  the  left. 

Microscopic  examination.  Cortex:  The  Malpighian  corpuscles  are 
generally  large.  The  capillary  tufts  engorged  with  blood  fill  the  greater 
part  of  the  capsules.  The  efferent  and  afferent  vessels  of  the  tuft  are  very 
prominent,  the  endothelial  cells  of  its  capillaries  are  swollen  while  the 
reflected  epithelium  over  the  tuft  is  generally  lost  (pressure  atrophy)  ;  the 
tuit  appears  therefore  poor  in  cells.  The  epithelium  lining  the  capsule, 
however,  is  frequently  swollen  and  edematous,  but  in  other  places  elongated 
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and  fibrillar.  In  the  majority  of  glomeruli  the  tuft  remains  free  within 
the  capsule.  The  capsular  wall  is  generally  not  thickened,  but  rather  thin 
and  hyaline.  Some  glomeruli  show  an  attachment  of  a  capillary  lobule  or 
lobules  to  a  portion  of  the  wall,  either  by  fusion  of  tuft  cells  with  those  of 
the  capsule,  by  transudate,  or  possibly  both.  These  attached  parts  fuse 
to  hyaline  masses  and  may  thus  gradually  involve  a  considerable  portion 
of  the  glomerular  tuft.  In  some  other  Malpighian  corpuscles  one 
observes  much  edematous  swelling  of  the  capsular  epithelium,  which 
in  these  instances  appears  to  be  lifted  off  its  basement  membrane  by 
transuded  fluid.  In  relatively  few  instances  tuft  and  capsule  have  been 
completely  transformed  into  a  small,  collapsed  h3raline  globule,  but  the 
connective  tissue  invasion  from  the  capsule,  frequently  seen  in  nephritis, 
is  entirely  absent.  Occasionally  atrophy  of  the  tuft  seems  to  follow  in 
some  glomeruli  fusion  of  swollen  endothelial  cells,  obliterating  capillary 
loops.  Around  collapsed  Malpighian  corpuscles  the  tissue  appears  much 
stretched,  edematous,  and  swollen.  A  general  pericapsular  cellular 
infiltration  is  absent,  but  a  resemblance  to  such  a  lesion  is  produced  by 
a  localized  streaky  marked  dilatation  of  interstitial  lymphatics  with 
lymph  stasis  and  containing  many  lymphoid  cells  which  surround  the 
loops  and  collecting  tubules.  These  lymphatics  extend  upwards  from  the 
medulla,  accompanying  their  vessels,  and  having  reached  the  cortex  are 
seen  in  the  neighborhood  of  some  glomeruli,  giving  at  first  sight  the 
impression  of  inflammatory  foci.  That  this,  however,  is  not  the  case  is 
shown  by  the  fact  that  the  convoluted  tubules  in  the  immediate  neighbor- 
hood as  well  as  generally  are  quite  intact  and  free  firom  such  foci ;  their 
intertubular  spaces,  although  markedly  engorged  and  somewhat  edema- 
tous, show  only  few  compressed  fibroblasts.  Nowhere  can  be  seen  any 
new  formation  of  connective  tissue.  The  epithelium  of  these  tubules  shows 
only  slight  granular  degeneration.  The  larger  vessels  between  cortex  and 
medulla  are  moderately  thickened ;  in  some  the  intima  considerably. 

Medulla :  Vessels  very  markedly  dilated,  the  interstitial  tissue  edema- 
tous, swollen,  but  not  cellular.  The  epithelium  of  the  tubules  intact.  In 
places  it  is  rather  turbid,  and  frequently  the  lining  cells  contain  granular 
blood  pigment.  Irregular  clumps  of  granular  blood  pigment  gradually 
fusing  to  homogeneous  casts  are  seen  particularly  in  the  collecting  tubules. 
These  appear  to  be  due  to  old  hemorrhages.  Other  casts  are  plain  and 
h3raline  and  are  evidently  derived  from  transuded  serum  discharged  from 
the  lymph  stream  between  and  through  edematous  swollen  epithelial  cells. 
Recent  casts  present,  therefore,  frequently  a  very  irregular,  punched-out 
periphery,  where  the  cast  mass  passed  through  or  between  cells,  or  where 
they  have  broken  off  from  epithelial  cells  to  which  they  were  originally 
attached ;  other  evidently  older  ones  are  rounded  off.  Occasionally  casts 
are  thus  seen  to  contain  epithelial  cells  which  have  been  carried  off  and 
are  gradually  fused  with  the  transuded  masses.  Some  of  the  loops  are 
much  compressed  by  interstitial  edema  and  their  cells  seem  to  fuse  into 
hyaline  masses  by  desquamation.    But  this  process  appears  very  limited. 
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The  interstitial  tissue  throughout  the  medulla  shows  the  edematous  swell- 
ing described  above  but  without  fibroblastic  increase,  and  the  dilated 
lymphatics  with  stagnant  lymph  and  lymphoid  cells  appear  here  as  in  the 
cortex  around  the  loops  and  collecting  tubules. 

Case  No.  2.  —  No.  1904.  R.  J.,  male,  age  70,  175  centimeters,  158 
pounds.  Died  Dec.  14,  1910 ;  autopsied  Dec.  14,  1910.  Old  productive 
obliterating  mitral  endocarditis  (mitral  stenosis).  Mitral  admits  only 
tip  of  finger.  Right  ventricle  somewhat  hypertrophied.  Left  auricle 
almost  completely  filled  with  ante-mortem  laminated  thrombus  taking  the 
shape  of  the  left  auricle.  The  right  side  of  the  heart  much  distended  by 
post-mortem  clots.  Left  ventricle,  15  millimeters  in  thickness,  muscle 
pale  red.  The  aortic  cusps  moderately  thickened  and  their  ventricular 
surface  just  below  the  line  of  contact  with  many  apparently  fairly  recent 
v^etations.     Weight,  1,000  grams. 

Left  kidney,  225  grams.  Surface  with  old  deep  contractures.  On  sec- 
tion firm,  slightly  pale,  cortex  about  one-half  normal  width.  Stellate 
veins  injected.  Veins  tortuous.  Vessels  at  the  base  prominent.  Right 
kidney  extremely  small,  about  twice  the  size  of  an  English  walnut. 
Weight,  25  grams.  Renal  artery  much  thickened  and  narrow  but  patent. 
On  section  this  kidney  contains  almost  no  parenchyma.  Its  capsule 
strips  with  difficulty,  apparently  the  result  of  old  very  complete  infarction. 

Microscopic  examination  of  left  kidney :  The  glomeruli  appear  irregu- 
lar in  size  and  shape  although  mostly  large  and  engorged  as  in  Case  No.  i. 
The  edematous  swelling  of  the  endothelium  of  the  tuft  is  marked  in  some 
glomeruli,  leading  to  fusion  of  cells,  obliterating  the  lumen  of  the  capillaries 
and  is  followed  by  edematous  swelling  of  the  capsule  and  adhesion  of  the  tuft 
to  the  swollen  epithelium  of  the  capsule  with  hyaline  obliteration  of  the  glom- 
erulus as  in  Case  No.  i .  The  capsular  space  shows  frequently  moderate 
escape  of  serum  into  the  capsule.  The  capsular  outline  appears  irregular, 
slightly  scalloped.  The  vessels  are  much  dilated,  the  larger  ones  thick- 
walled,  edematous.  There  are  few  streaks  of  scar  tissue  as  the  result  of 
obliterated  vessels  and  old  infarcts,  carrying  few  small  hyaline  glomeruli. 
The  interlobular  tissue  in  the  cortex  is  swollen  and  edematous,  but  shows 
no  cellular  or  fibrous  increase.  The  convoluted  tubules  appear  large  and 
show  some  granular  degeneration.  In  the  medulla  the  vessels  are  very 
markedly  engorged,  the  interstitial  tissue  very  broad  and  edematous. 
The  interstitial  medullary  tissue  assumes  therefore  a  very  characteristic 
appearance.  It  is  made  up  of  a  very  delicate  felt-like  network  of  faint 
fibrils,  which  are  probably  derived  by  gradual  edematous  stretching  from 
the  original  connective  tissue  and  carries  fluid  within  its  meshes.  At 
times  it  has  an  almost  homogeneous  hyaline  appearance,  probably  due  to 
coagulation  of  its  liquid  constituents.  This  connective  tissue  has  no 
nuclei  and  nowhere  is  any  evidence  of  new  connective  tissue  formation. 
Lymphatics  around  tubules  are  frequently  enormously  dilated  and  filled 
with  homogeneous  coagulum.    Groups   of   tubules  are  compressed  by 
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massive  interstitial  edema,  and  the  engorgement  of  vessels  in  such  parts 
appears  more  or  less  circumscribed,  the  result  of  pressure  from  neighbor- 
ing parts  (this  accounts  for  the  pale,  moist  appearance  of  portions  in 
the  gross  appearance) .  The  epithelium  of  the  medullary  tubules  appears 
well  preserved,  but  in  parts  shows  edematous  hjraline  swelling  and  often 
contains  blood  pigment.  Collecting  tubules  and  the  loops  contain  many 
h3raline  casts.  Their  most  important  source  seems  to  be  serum.  This 
may  be  seen  to  pass  through  the  tubular  wall  between  and  through  edema- 
tous swollen  cells.  The  coagulated  transuded  serum  at  first  remains 
attached  to  the  protoplasm  of  the  cells  through  which  it  passed.  In 
breaking  off  the  cast  frequently  assumes  a  very  distinctly  stellate  indent- 
ate  appearance,  the  punched-out  portions  of  its  periphery  corresponding 
to  the  form  of  the  lining  cells.  On  the  downward  road  the  edges  gradu- 
ally become  smooth  and  rounded  off.  Many  are  seen  to  tear  lining  cells 
with  them  and  transform  them,  and  frequently  additional  red  blood  cells 
or  blood  pigment  contained  in  the  torn-off  epithelial  cells,  into  a  hjraline 
mass. 

Case  No.  3.  —  No.  1902.  A.  S.,  female,  age  49,  167  centimeters,  75 
pounds.  Died  Dec.  8,  1910 ;  autopsied  Dec.  8,  1910.  Atrophy  of  brain 
with  productive  meningoencephalitis.  Advanced  brown  atrophy.  Fat 
infiltration  of  the  heart  and  collapse  of  heart.  All  auricles  and  ventricles 
fiUed  with  fluid  blood.  Tricuspid  orifice  admits  three  fingers  and  mitral 
two.  Weight,  200  grams.  Lungs  show  advanced  atrophic  emphysema. 
General  vbceral  stasis. 

Left  kidney,  150  grams,  large.  Capsule  peels  easily.  Surface  smooth 
and  pinkish.  Stellate  veins  distinct.  On  section  cortex  and  medulla 
appear  normal  in  size  and  relation  and  the  markings  well  accentuated. 
Right  kidney,  120  grams.  Capsule  on  this  side  slightly  more  adherent, 
otherwise  like  the  left. 

Microscopically:  Glomeruli  large  and  engorged.  The  lobes  of  the 
tuft  very  distinct.  Epithelium  lost.  Tuft  fills  the  capsule,  which  shows 
very  definite  scalloping,  hjraline  thickening  and  fibrillation  giving  it  a 
characteristic  coast-line  appearance.  When  the  elastic  fibers  appear 
thus  overstretched  the  glomerular  capsule  may  show  hernia-like  inden- 
tations. There  also  exists  hyaline  swelling  and  fusion  of  the  endo- 
thelium in  parts.  Very  occasionally  occurs  rupture  of  capillaries 
within  the  tuft.  The  lymphatics  around  some  larger  veins  are  dilated 
and  filled  with  lymphoid  cells  in  streaky  distribution  (l3rmph  stasis). 
However,  there  is  no  general  infiltration  with  such  or  other  cells  around 
glomeruli  or  tubules.  There  exists  much  edema  in  the  cortex  with  inter- 
stitial stretching  leading  to  unusually  marked  separation  of  the  tubules, 
which  are  otherwise  well  preserved.  Blood  vessels  between  the  tubules 
are  generally  much  engorged  and  the  tubular  cells  swollen  and  edematous. 
The  convoluted  tubules  and  particularly  loops  and  collecting  tubules  show 
the  formation  of  new  nuclei  leading  by  amitosis  to  multinuclear  cells,  or 
sometimes  a  syncytial  lining  of  tubules.    These  epithelial  cells  contain 
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blood  pigment.  The  lumen  of  these  tubules  shows  hyaline  casts.  The 
interstitial  tissue  in  the  medulla  shows  extreme  edematous  stretching 
as  previously  described.  The  larger  vessels  appear  moderately  thick- 
ened, but  no  endarterial  proliferation. 

Case  No.  4.  —  No.  1957.  E.  J.  F.,  male,  age  59,  173  centimeters, 
88  pounds.  Died  March  14,  191 1;  autopsied  March  17,  191 1.  Car- 
cinoma of  stomach  with  extensive  metastases  in  liver.  Terminal  lobar 
pneumonia  with  pulmonary  abscess.  Brown  atrophy  of  heart,  225  grams. 
Small,  soft,  flabby.  Tricuspid  admits  four  fingers.  Mitral  two.  Mus- 
culature brown,  very  friable.     Valves  intact.     General  visceral  stasis. 

Left  kidney,  130  grams.  Firm.  Differentiation  of  cortex  and  medulla 
rather  indistinct.  Capsule  not  thickened.  Strips  easily  and  exposes 
smooth,  pale  brown  sur£ace.  The  cortical  markings  fairly  regular.  The 
right  kidney,  130  grams,  shows  marked  injection  of  vessels  giving  deep 
red  appearance  to  the  kidney.    Some  areas  rather  pale  yellow. 

Microscopically:  Large,  irregular,  scalloped  Malpighian  corpuscles 
with  thin  capsule  and  a  characteristic  coast-line  like  outline.  The  glom- 
eruli generally  engorged  usually  fill  the  capsule  almost  completely. 
There  appears  frequently  hyaline  swelling  of  capsular  epithelium  but  no 
fibrous  thickening.  In  some  areas  around  much  engorged  vessels  there  is 
marked  streaky  lymph  stasis  with  accumulation  of  lymphoid  cells.  Some 
completely  hyaline  glomeruli  within  fibrous  streaks  (inlets) ;  few  with 
hyaline  fusion  of  tuft  and  capsule  and  surrounded  by  edematous  tissue ; 
some  areas  of  fibrous  edematous  thickening  around  arteries  which  some- 
times extends  to  neighboring  glomeruli,  but  generally  there  exists  no 
thickening  around  the  glomerular  capsule.  Lymph  stasis,  edema,  and 
streaky  lymphoid  cell  infiltration  appears  particularly  prominent  directly 
under  the  superficial  capsule. 

Case  No.  5.  —  No.  1935.  S.  W.,  old  man,  age  not  given.  Died  Feb. 
3,  191 1 ;  autopsied  Feb.  4,  1911.  Heart,  360  grams.  Generally  dilated. 
Tricuspid  admits  four  fingers.  Mitral  thickened  with  calcareous  deposits. 
The  aortic  valve  ditto.  The  anterior  cusp  with  prominent  calcareous  pro- 
jection. The  muscle  tissue  brownish  red,  friable,  hypertrophied.  There 
exist  also  small  caseating  tubercles  through  the  lungs  and  tuberculous 
ulcers  of  the  large  gut.  Grossly  liver  and  kidneys  show  passive  con- 
gestion. Right  kidney,  175  grams.  Surface  regular  and  smooth.  Cap- 
sule strips  easily.  On  section  cortex  and  medulla  in  usual  relation. 
Stellate  veins  prominent.  The  vessels  of  the  pyramids  injected.  Mark- 
ings somewhat  obscured.  Here  and  there  few  millet-sized  whitish  spots 
at  the  tip  of  medulla.  Left  kidney,  175  grams,  same  as  the  right.  The 
capillaries  appear  much  engorged  in  the  medulla,  its  interstitial  tissue 
very  edematous,  stretched  and  fibrillated,  the  tubules  large,  its  epithelium 
intact  and  in  the  collecting  tubules  in  places  vacuolated.  Occasional  dis- 
tinct hemorrhage  and  fusion  with   formation  of  casts  in  the  collecting 
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tubules.  The  glomeruli  iujected,  some  rather  turbid,  more  or  less  irregu- 
lar in  size  and  outline,  but  on  the  whole  well  preserved.  Few  are  bjaline. 
There  exists  moderate  adventitial  thickening  and  edema  of  the  vessels, 
very  localized  thickening  around  them  and  a  few  recent  tubercles  in  the 
cortex.  The  intertubular  tissue  in  the  cortex  only  moderately  edematous, 
but  the  tubular  epithelium  rather  swollen  and  granular. 

Case  No.  6.  —  No.  1844.  C.  R.,  male,  age  71,82  centimeters,  180 
pounds.  Died  July  25,  1910;  autopsied  July  25,  1910.  Marked  aortic 
and  mitral  sclerosis.  Insufficiency  of  both  valves.  All  chambers  of  the 
heart  markedly  dilated  especially  on  right  side.  Tricuspid  admits  five 
fingers.  Mitral  three  fingers.  Aortic  cusp  with  extensive  calcareous 
sclerosis.  Weight,  550  grams.  Marked  general  atheroma  of  aorta  and 
coronary  arteries.  Left  hydrothorax.  Obliterated  right  pleural  cavity. 
Emphysema.  Left  kidney,  210  grams.  Firm.  On  section  shows  atrophy 
of  cortex.  Poor  differentiation  between  cortex  and  medulla.  Veins 
prominent.  Capsule  strips  easily ;  surface  finely  granular.  Right  kidney, 
175  grams,  ditto. 

Microscopically:  The  capsule  on  the  surface  of  the  kidney  thin. 
Glomeruli  large,  injected.  The  capsular  space  filled  with  granular  albu- 
minous precipitate.  The  endothelial  cells  of  the  engorged  tuft  swollen. 
The  capsule  in  parts  thin  and  atrophic  or  slightly  hyaline  thickened,  in 
places  much  scalloped  and  the  whole  Malpighian  body  extremely  irregu- 
lar in  outline.  The  tubules  large,  their  walls  thin  and  distinct  and  the 
interlobular  capillaries  much  engorged.  The  epithelium  frequently 
swollen  and  granular ;  there  is  no  cellular  hyperplasia  anywhere.  There 
is  considerable  thickening  and  engorgement  of  the  larger  vessels.  In  the 
medulla  edema  and  stretching  of  the  interstitial  tissue.  No  cellular  pro- 
liferation but  marked  engorgement  of  capillaries.  The  collecting  tubules 
contain  casts.  The  capillary  engorgement  is  irregular,  interchanging  with 
pale  edematous  portions  possibly  due  to  pressure  of  one  upon  the  other. 

Case  No.  7.  —  No.  1811.  E.  S.,  male,  age  52,  176  centimeters.  Died 
May  12,  19 10 ;  autopsied  May  12,  1910.  Deforming  sclerosing  endocar- 
ditis of  the  aortic  valve.  Recent  vegetation  of  one  of  the  cusps.  Hyper- 
trophy and  dilatation  of  left  ventricle.  The  tricuspid  orifice  admits  four 
fingers,  the  mitral  admits  three  fingers,  the  right  ventricle  measures  five 
millimeters,  the  left  2  centimeters.  The  musculature  firm,  brownish  red. 
Weight,  800  grams.  Endarteritis  obliterans  of  posterior  coronar}'  artery. 
Double  hydrothorax.  General  visceral  stasis.  Left  kidney,  215  grams. 
Dark  purplish  red.  The  pyramids  markedly  injected.  The  capsule  strips 
easy.  The  right  kidney,  225  grams,  like  the  left.  The  glomeruli  large 
and  engorged.  Outline  of  Bowman's  capsule  very  scalloped,  zigzagged, 
coast-line  like.  The  capsule  itself  not  thickened,  but  shows  a  hyaline 
swelling.  The  glomerular  tuft  fills  the  capsule  for  the  most  part.  Its 
lobes  are  distinct.  There  is  no  evidence  of  a  lining  epithelium  (atrophied 
and  lost) ,  but  the  endothelium  of  the  tuft  is  swollen.     There  is  nowhere 
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to  be  noticed  any  increase  in  cells  of  the  tuft ;  the  capsule  contains  an 
albuminous  transudate.  Occasionally  there  exists  atrophy  of  the  tuft 
(from  pressure).  No  thickening  of  or  around  the  capsule  and  no  hyaline 
transformation  of  Malpighian  corpuscles.  No  cellular  infiltration  any- 
where. The  capsule  on  the  surface  of  the  kidney  thin,  stretched,  fibrillar. 
The  tubules  are  wide,  the  cells  edematous  but  otherwise  well  preserved, 
the  tubular  walls  not  thickened  but  rather  with  a  hyaline  edematous 
swelling.  There  occurs  in  places  considerable  stretching  of  the  edema- 
tous interstitial  tissue  as  previously  described.  The  interlobular  capiUaries 
are  much  engorged,  as  also  the  larger  blood  vessels  the  outer  coats  of 
which  are  only  moderately  thickened.  Relatively  few  hyaline  casts  in 
loops  and  collecting  tubules. 

Case  No.  8.  —  S.  C,  female,  age  49.  Died  Aug.  28,  1910;  autopsied 
Aug.  28,  191  o.  Death  during  epileptic  convulsion.  Cardiac  atrophy. 
Cerebral  edema.  Hypostatic  pneumonia.  General  venous  stasis. 
Otherwise  well  nourished  woman.  No  other  reason  found  to  account  for 
sudden  death.  Heart,  350  grams;  small.  Tricuspid  admits  three  fin- 
gers. Mitral  two  fingers.  Coronary  arteries  intact.  The  left  kidney, 
150 grams;  slightly  reduced  in  size.  Capsule  strips  fairly  easily.  Sur- 
face slightly  irregular.  Cortex  slightly  atrophied.  Appearance  of  venous 
congestion.  Right  kidney,  150  grams,  ditto.  The  glomeruli  large  and 
intact.  There  exists  moderate  dilatation  of  the  capillaries  with  swelling 
of  epithelium  and  endothelium  of  the  tuft.  Considerable  engorgement 
of  the  medullary  capillary  vessels,  but  less  and  irregular  in  the  cortex. 
The  larger  vessels  are  engorged  but  not  particularly  thickened.  The 
tubules  appear  intact  and  there  are  no  casts. 

Case  No.  9.  —  No.  1826.  F.  K.,  male,  44  years,  160  centimeters, 
141  pounds.  Died  June  12,  1910;  autopsied  June  15,  1910.  Idiopathic 
cardiac  hypertrophy  and  dilatation.  Heart  very  large,  600  grams.  Tri- 
cuspid admits  four  fingers  easily.  Right  ventricle  measures  3  millimeters. 
Mitral  admits  three  fingers  easily.  Left  ventricle  i  centimeter  in  thick- 
ness. The  aortic  valve  only  slightly  thickened.  Heart  muscle  friable, 
brownish,  marked  fatty  infiltration  of  capillary  muscles  (tigering). 
Necrotic  cyanosis  of  liver  with  jaundice.     Hydrothorax.     General  stasis. 

Left  kidney,  210  grams.  Capsule  strips  easily.  The  organ  is  very 
firm.  On  section  cortex  slightly  swollen.  Pyramids  dark  blue.  Mark- 
ings indistinct.     Right  kidney,  225  grams,  like  the  left,  and  with  a  cyst. 

Microscopically :  The  Malpighian  corpuscles  large,  the  tuft  large,  much 
engorged,  but  for  the  most  part  free  in  the  capsule,  which  frequently  con- 
tains albuminous  transudate.  The  endothelial  cells  of  the  tuft  appear 
flattened,  thin,  compressed  by  blood,  and  turbid.  There  appears  to  be 
no  epithelium  left.  The  capsule  shows  elastic  hyaline  thickening,  as  a 
rule  is  well  shaped  and  has  no  fibrous  or  cellular  thickening  around  it. 
There  appears  atrophy  and  loss  of  the  tuft  in  places  probably  due  to 
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pressure  atrophy,  but  no  hyaline  change  or  attachment  of  tuft  to  the  cap- 
sule. The  vessels  between  the  convoluted  tubules  are  engorged.  The 
intertubular  tissues,  however,  not  thickened,  practically  unchanged,  the 
tubules  large,  cells  swollen  and  edematous  but  otherwise  well  preserved. 
There  is  marked  but  irregular  engorgement  of  the  vessels  in  the  medulla 
The  cells  of  the  large  collecting  tubules  contain  definite  blood  pigment. 
There  exists  distinct  but  not  excessive  edema  of  the  intertubular  tissue. 
The  cells  of  the  tubules  are  well  preserved  and  the  larger  arteries  and 
veins  moderately  thickened. 

Case  No.  lo. — No.  1667.  P.  K.,  male,  55  years,  167  centimeters. 
Died  Jan.  12,  1910;  autopsied  Jan.  14,  1910.  Atrophic  liver  cirrhosis, 
ascites,  tuberculosis  of  peritoneum.  Heart,  400  grams.  Marked  dilata- 
tion of  the  right  side.  The  tricuspid  admits  four  fingers,  the  mitral  two 
fingers.  Left  ventricle  14  centimeters  in  thickness.  Heart  muscle 
brownish  red.  Left  kidney,  160  grams.  Capsule  strips  easily,  the  surface 
irregularly  lobulated  (fetal  lobulation)  and  granular.  The  boundary  zone 
between  cortex  and  medulla  marked.  Irregular  congestion.  Right  kid- 
ney, 160  grams,  like  the  left. 

Microscopically:  The  Malpighian  corpuscles  large,  the  tuft  also. 
Engorged,  turbid,  cellular.  Some  capsular  walls  moderately  thickened 
and  swollen,  often  wavy  and  irregular  in  outline.  Vessels  between  the 
tubules  engorged.  The  intertubular  tissue  between  well-preserved  tubules 
moderately  thickened  with  fibroblasts.  The  collecting  tubules  contain  in 
places  hyaline  blood  casts  (old  hemorrhages) .  There  exist  few  hyaline 
glomeruli  and  occasional  attachment  of  a  glomerulus  to  the  capsule  with 
connective  tissue  thickening  of  that  part  of  the  capsule.  There  are 
hyaline  casts  in  the  collecting  tubules  and  loops.  Moderate  thickening  of 
larger  vessels. 

Case  No.  11.-  No.  1700.  E.  H.,  male,  66  years,  172  centimeters, 
139  pounds.  Died  Feb.  7,  1910;  autopsied  Feb.  9,  1910.  Deforming 
sclerosis  of  mitral  valve,  hypertrophy  of  the  heart  and  dilatation  of  its 
right  side.  Cyanotic  induration  of  liver,  spleen,  and  kidneys.  Double 
hydro  thorax.  Healed  calcareous  tubercles  at  both  apices  with  pleural 
adhesion.  General  edema.  Kidneys  microscopically:  The  glomeruli 
rather  irregular  in  size,  though  many  large  and  fill  the  capsule,  some 
engorged,  others*  less  so,  and  the  lobules  of  the  tuft  well  separated,  not 
cellular,  the  capsule  irregular  in  outline.  In  places  the  tuft  appears 
rather  turbid  and  its  cells  swollen.  The  capsular  space  contains  granular 
coagulum,  and  the  walls  show  either  a  hyaline  swelling  or  a  thinning  of 
the  elastic  fibrils,  which  may  become  so  extreme  as  to  amount  to  a  practi- 
cal loss.  A  moderate  number  of  hyaline  glomeruli.  The  lymphatics 
around  much  engorged  veins  are  much  distended  and  they  contain 
numerous  lymphoid  cells.  These  rather  conspicuous  areas  are  strictly 
localized  and  occur  occasionally  close  to  the  capsule  of  Malpighian  cor- 
puscle.   The  stretched  interstitial  tissue  of  such  parts  is  apt  to  carry  a 
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moderate  number  of  spindle  cells.  The  intertubular  and  circumcapsular 
tissue  is  ver}'  generally  edematous.  The  larger  blood  vessels  are  engorged, 
their  adventitia  thickened  and  edematous,  their  dependent  lymphatics 
dilated  and  with  numerous  lymphoid  cells.  Spaces  between  the  convo- 
luted tubules  are  as  a  rule  not  stretched,  but  there  exists  considerable 
edema  and  engorgement  around  the  Malpighian  corpuscles  of  Bowman^s 
capsule  leading  to  scalloping  and  compression  towards  the  tuft.  The 
collecting  tubules  in  loops  contain  hyaline  casts.  There  exists  occasional 
hyaline  transformation  or  a  hemorrhagic  disintegration  of  the  glomerulus 
but  no  attachment  to  its  capsule.  In  the  medulla  exists  marked  streaky 
engorgement  of  the  intertubular  capillaries  even  to  ectasy  with  edema  and 
stretching  of  the  interstitial  substance,  but  no  cellular  infiltration  or 
formation  of  new  connective  tissue.  The  larger  vessels  are  considerably 
thickened  in  adventitia,  but  not  in  the  intima. 

Case  No.  12.  —  No.  1715.  A.  M.,  female,  40 years,  107  pounds.  Died 
Feb.  20,  1910;  autopsied  Feb.  21, 1910.  Mitral  stenosis,  dilatation  of  the 
right  heart,  hydrothorax,  general  venous  stasis.  Heart  weight,  350  grams. 
Right  side  collapsed,  left  contracted.  The  mitral  valve  scarcely  admits 
tip  of  the  finger,  due  to  fusion  of  the  cusps  forming  a  slit-like  band 
stretched  across  the  opening.  Left  ventricle,  10  millimeters.  Heart 
muscle  shows  brown  atrophy.  Left  kidney,  150  grams.  Dark  in  color. 
The  capsule  strips  easily,  exposing  a  somewhat  pitted  surface.  The 
cortex  thinner  than  normal,  the  markings  much  accentuated,  vessels 
moderately  thickened.     Right  kidney,  150  grams,  like  the  left. 

Microscopically :  Malpighian  corpuscles  large.  Tuft  fills  most  of  the 
capsule.  Very  marked  engorgement  of  the  tuft,  sometimes  transforming 
capillary  loops  to  large  sinuses.  The  epithelium  of  the  glomerulus  com- 
pletely lost.  The  capsular  wall,  hyaline  and  edematous,  shows  in  places 
fibrillar  swelling,  in  others  fibrillar  separation.  The  pericapsular  tissue 
edematous.  The  edematous  intertubular  tissue  carries  narrow  compressed 
rows  of  fibroblastic  cells  rather  compressed  between  edematous  tubules. 
Streaky  and  patchy  thickening  around  blood  vessels  and  dilated  lymphatics 
in  the  neighborhood  of  and  between  Malpighian  corpuscles.  Most  of  the 
thickening  here  appears  also  to  be  due  to  edematous  swelling  of  the  con- 
nective tissue  and  obstruction  of  lymphatics  around  the  blood  vessels. 
Malpighian  corpuscles  show  generally  no  hyaline  transformation  or  adhe- 
sion to  the  capsular  epithelium.  Occasionally  enormously  dilated  lymph 
spaces  with  coagulated  lymph  adjoin  a  Malpighian  corpuscle.  The  con- 
voluted tubules  at  some  slight  distance  from  the  glomeruli  appear  intact 
and  the  intertubular  tissue  not  swollen  and  not  thickened,  without  fibro- 
blasts, only  engorged.  In  other  parts  the  kidney  shows  only  evidences  of 
pure  but  very  marked  stasis  without  much  edema  or  swelling  of  tissue 
around  glomeruli  and  blood  vessels.  In  the  cortex  the  latter  are  thickened 
and  there  exist  few  infiircts  around  thrombosed  obliterated  arteries.  In 
the  medulla  the  vessels  are  very  thick.  There  exists  marked  general, 
sometimes  tremendous,  engorgement  of  the  intertubular  vessels  to  ectasy 
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and  interstitial  edema.  The  intertubular  tissue  is  much  stretched,  but 
not  quantitatively  increased.  Fibroblasts  appear  only  in  isolated  spots. 
There  are  many  hyaline  casts  in  the  collecting  tubules  which  appear  to  be 
formed  by  a  direct  transudation  from  the  lymph  spaces  through  cells  into 
tubules.  Occasionally  they  contain  a  desquamated  epithelial  cell  or 
enclose  remnants  of  blood  pigment,  while  the  neighborhood  may  show 
some  free  red  cells. 

Case  No.  13.  —  No.  1760.  B.  K.,  male,  60  years,  165  centimeters,  132 
pounds.  Died  March  23,  1910;  autopsied  March  26,  1910.  Marked 
fatty  infiltration  of  the  heart.  Weight,  500  grams.  The  tricuspid  admits 
three  fingers.  The  mitral  over  two  fingers.  There  is  no  valvular  lesion, 
but  the  heart  muscle  is  flabby,  friable,  greasy,  and  pale  brown  in  color. 
Lungs  emphysematous. 

Left  kidney,  250  grams,  large,  dark  in  color.  On  section  the  capsale 
strips  easily,  the  surface  is  smooth,  the  stellate  veins  deeply  injected. 
The  cortex  of  good  proportions,  the  medullary  rays  well  marked; 
glomeruli  also.  The  vessels  moderately  thickened.  The  right  kidney, 
200  grams,  corresponds  to  the  left. 

Microscopically:  The  Malpighian  corpuscles  mostly  large.  The  tuft 
very  markedly  engorged  fills  capsule  either  completely  or  at  least  to  a 
great  extent,  in  which  case  the  capsular  space  shows  albuminous  coagolum 
or  few  blood  cells.  The  epithelium  of  the  tuft  is  lost.  The  capillary 
loops  of  the  tuft  are  sometimes  dilated  to  the  extent  of  sinuses.  Again, 
in  a  number,  by  fusion  and  hyaline  transformation  (pressure  and  fusion 
with  transudate) ,  they  shrink  to  hyaline  globules  attached  to  the  epithelium 
of  the  capsular  wall.  The  latter  in  the  distended  corpuscles  is  usually 
thin  and  fibrillar.  Occasionally  the  tuft  is  entirely  lost  and  there  remains 
only  a  homogeneous  coagulated  mass  surrounded  by  a  dilated  capsule.  A 
gradual  compression  and  collapse  of  the  loops  of  the  tuft,  probably  due 
to  pressure  from  without  (and  nutritional  disturbances),  may  be  seen 
commencing  in  some  glomeruli  at  the  periphery  of  the  tuft  and  pro- 
gressing towards  the  afferent  vessels.  This  leads  to  collapse  of  the 
capsule.  In  some  glomeruli  the  afferent  vessel  appears  decidedly  thickened. 
There  also  occurs  occasional  hemorrhagic  disintegration  of  the  glomerulus. 
The  convoluted  tubules  are  large  and  well  preserved,  the  intertubular 
tissue  wide  with  edematous  stretching,  but  not  thickened.  The  cells  ot 
the  convoluted  tubules  on  the  whole  are  well  preserved,  although  in  some 
tubules  they  show  granular  disintegration  and  desquamation  and  there 
exists  very  evident  and  abundant  formation  of  new  nuclei  and  multinudear 
cells.  The  capillaries  very  widely  dilated,  in  places  truly  ectatic.  There 
are  few  casts  in  the  collecting  tubules.  The  larger  vessels  show  a  some- 
times enormous  dilatation.  Their  walls  thickened,  in  few  places  Ijrmphoid 
cells  are  numerous  in  the  accompanying  dilated  lymphatics,  but  generally 
one  sees  no  thickening  due  to  new  connective  tissue  formation  or  no 
cellular  infiltration  around  glomeruli  or  tubules.  The  collecting  tubules 
and  loops  contain  blood  with  a  hyaline  transformation  of  red  cells  into 
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casts.  In  the  neighborhood  of  a  few  larger,  markedly  engorged  vessels 
there  can  be  noticed  some  localized  tissue  thickening  with  infiltration  of 
lymphoid  cells  in  the  tissue  spaces  around  Malpighian  corpuscles  and 
between  the  tubules.  The  loops  and  the  collecting  tubules  show  promi- 
nently the  formation  of  new  cuboidal  cells  which  are  sometimes  multinu- 
clear.  The  thickened  tissue  is  unlike  the  ordinary  connective  tissue,  but 
made  up  of  the  network  of  fibrils  previously  described  and  probably 
derived  from  the  old  connective  tissue  fibers  and  transuded  or  edematous 
fluid.  It  contains  no  or  few  old  spindle  cells.  There  exists  therefore  no 
appreciable  formation  of  new  connective  tissue. 

Case  No.  14.  —  No.  1769.  M.  L.,  male,  74  years,  165  centimeters,  iii 
pounds.  Died  Jan.  3,  1910;  autopsied  Jan.  4,  1910.  Carcinoma  of 
esophagus,  mitral  and  aortic  sclerosis.  Heart  weighs  375  grams. 
Dilated,  filled  with  clots.  The  tricuspid  and  mitral  valves  admit  three 
fingers.  Left  ventricle  measures  10  to  12  millimeters.  Musculature 
friable,  brownish  red,  fatty.  Extreme  emphysema  of  both  lungs* 
General  stasis. 

Left  kidney,  150  grams.  Dark  reddish.  Vessels  much  injected.  Cap- 
sule strips  easily.  Surface  smooth,  with  few  small  cysts.  Vessels  at  base 
of  p3rramids  thickened.  Markings  of  the  kidney  substance  distinct. 
Cortex  narrow.    Right  kidney,  150  grams,  like  the  left. 

Microscopically:  Malpighian  corpuscles  generally  large.  The  tuft 
fills  the  capsule,  b  engorged.  In  some  of  them  obliteration  of  the  loops 
by  hyaline  swelling  and  fusion  of  the  endothelium  of  the  capillaries 
followed  by  collapse  of  glomerulus  evidently  due  to  block  in  circulation. 
An  occasional  completely  hyaline  Malpighian  corpuscle.  Epithelium  of  the 
glomerulus  lost.  The  epithelium  of  the  capsule  swollen  and  turbid. 
Generally  there  is  not  found  adhesion  of  the  capsule  and  only  few  show 
this  with  the  following  hyaline  transformation.  No  appreciable  connective 
tissue  thickening  or  cellular  infiltration  around  the  capsule  except  in  the 
neighborhood  of  larger  thicker  vessels  where  there  is  some  increase  in 
fibroblastic  cells  involving  the  neighboring  capsules.  Irregular  but 
marked  engorgement  of  the  intertubular  capillaries  in  isolated  spots,  the 
appearance  of  limited  fibroblasts  compressed  between  well  preserved  con- 
voluted tubules.  A  moderate  desquamation  of  tubular  cells  exists  and  a 
moderate  formation  of  new  nuclei  leading  to  multi nuclear  cells  particularly 
in  the  convoluted  tubules.  Medulla :  Capillaries  show  marked  engorge- 
ment; very  marked  dilatation  of  lymphatics,  edema,  and  stretching  of 
interstitial  tissue.  The  medullary  tubular  parts  are  generally  intact,  —  no 
appreciable  formation  of  casts.  The  walls  of  the  larger  vessels  show 
essentially  adventitial  thickening. 
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EXPLANATION  OF  PLATE  XVI. 

'Fio.  I.  —  Zeiss;  magnification  150.  Glomerulus  in  advanced  moderate 
stasis.  Hjaline,  scalloped  capsule  with  atrophic  lining  epithelium.  Tuft 
engorged.  Reflected  epithelium  largely  lost,  leaving  naked  capillaries; 
capillar/  endothelium  compressed,  and  capsular  space  contains  some 
coagulum. 

Fig.  2.  —  Zeiss;  magnification  350.  Glomerulus  in  advanced  marked 
stasis.  Capsule  swollen,  h^raline,  scalloped.  Reflected  epithelium  over 
the  tuft  entirely  lost,  leaving  the  massively  engorged  capillaries  bare. 
Their  endothelium  much  compressed,  thin.  Capsular  spaces  contain 
granular  coagulum  and  detritus. 

Fig.  3.  Zeiss;  magnification  350.  Transudate  cast  in  a  collecting 
tubule.  Towards  the  upper  left  hand  (from  observer)  cast  continuous 
with  tubular  wall  and  passes  over  and  between  lining  cells  to  surrounding 
lymphatic.  Cellular  detritus  (red  blood  cells  and  an  epithelial  cell)  fusing 
to  cast  in  lumen  of  a  loop  in  upper  right  hand. 

Fig.  4.  —  Zeiss;  magnification  150.  Medulla  from  advanced  stasis. 
Engorgement  of  capillaries,  much  edematous  interstitial  stretching  and 
separation  of  tubules.  Collecting  tubules  and  loops  show  abundant 
formation  of  new  nuclei  and  multinudear  cells  lining  the  tubular  walls 
only. 
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THE  ACTION   OF    CERTAIN   PRODUCTS    OBTAINED    FROM  THE 
TUBERCLE    BACILLUS.* 

A.     Cleavage  Products  of  Tuberculo-protein  obtained  by  the  Method 
of  Vaughan.     Communication  L 

THE  POISONOUS   SUBSTANCE. 

Benjamin  White  and  Oswald  T.  Avery. 

{From  tht  Department  of  Bacteriology ^  Hoagland  Laboratory ^  Brooklyn^  N,Y,^ 

and  the  Saranac  Laboratory  for  the  Study  of  Tuberculosis,) 

SYNOPSIS. 
I.    Introductory. 

II.    Preparation  of  Material  (cleavage  products  from  tuberculo-protein). 

III.  Action  of  the  Poisonous  Substance: 

I ,  Technic  of  injections ;  2,  Symptoms  and  gross  pathology ;  3,  Titer  of 
fatal  doie;  4,  Toxicity  of  dried  tubercle  bacilli  and  toxicity  of 
extracted  tubercle  bacilli;  5,  Effect  of  heat  on  toxicity  of  the 
poison;  6,  Effect  of  poison  on  body  temperature;  7,  Does  the 
poisonous  substance  contain  any  sensitizing  groups?  8,  Does  the 
poison  immunize  to  itself?  9,  Absorption  of  the  poison  with  brain 
tissue;  10,  Absorption  with  lung  tissue;  11,  Absorption  with  liver 
tissue;   12,  Action  of  complement  on  the  poison;   13,  Skin  tests. 

IV.  The  Protective  Effects  of  Various  Substances: 

I,  Atropin;  2,  Morphia;  3,  Chloral;  4,  Lecithin. 
V.    Summary. 
VI.    Bibuography. 

I.    Introductory. 
In  the  present  state  of  our  knowledge  of  protein  poisons 
and  hypcrscnsitiveness  the  more  prominent  problems  inviting 
solution  are : 

1.  The  relation  between  the  chemical  composition  and 

the  vital  reactions  of  the  substances  causing  hyper- 
sensitiveness,  and 

2.  The  relation  of  hypersensitiveness  to  bacterial  infec- 

tion. 

It  is  now  well  established  that  the  parenteral  and,  under 

*  Received  for  publication  April  i,  19x3. 
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suitable  conditions,  also  the  enteral  introduction  of  protein 
renders  an  animal  highly  sensitive  to  a  second  similar  intro- 
duction of  the  same  substance.  There  are  already  much 
data  concerning  the  specific  nature  of  the  reaction  and  the 
amounts  of  protein  necessary  to  sensitize  and  to  intoxicate. 
There  has  been  repeated  and  apparently  thorough  investi- 
gation of  such  problems  as,  ( i ),  the  interval  elapsing  between 
the  initial  introduction  of  antigen  and  the  appearance  of 
sensitiveness;  (2),  the  dosage  of;  (3),  and  interval  between 
repeated  injections  necessary  for  the  production  of  increased 
hypersensitiveneis ;  (4),  the  duration  of  this  condition;  (5), 
its  inheritance,  and  (6),  the  mechanism  of  its  transference  to 
normal  animals.  Any  study  of  these  questions  promises  to 
yield  an  interpolation  of  details  rather  than  the  disclosure  of 
any  new  conceptions  in  this  new  phase  of  immunity.  As 
regards  the  physiology  and  pathology  of  hypersensitiveness, 
more  has  been  learned  of  the  nature  of  the  intoxicating  shock 
than  of  sensitization  proper;  the  effects  rather  than  the 
causes  have  been  analyzed.  For  the  effects  we  have  theo- 
ries —  theories  not  yet  established  beyond  criticism  —  while 
for  the  causes  we  have  only  hypotheses.  These  aspects, 
however,  are  more  or  less  collateral  to  or  dependent  upon  a 
larger  chemical  problem,  and  they  might  well  be  considered 
from  this  viewpoint.  It  would  therefore  seem  that  greater 
gains  toward  a  full  knowledge  of  anaphylaxis  would  accrue 
from  efforts  directed  toward  the  solution  of  the  chemical 
nature  of  the  phenomena  of  anaphylaxis  and  the  relation  of 
hypersensitiveness  to  infection. 

It  seems  to  be  definitely  accepted  so  far  that  proteins  arc 
the  sole  substances  capable  of  inducing  the  condition  now 
known  as  anaphylaxis,  or  perhaps  more  properly  as  hyper- 
sensitiveness. It  also  seems  to  have  been  shown  that,  in 
order  to  intoxicate  a  protein  sensitized  animal,  the  identical 
or  intimately  related  protein  is  necessary.  On  the  other 
hand,  repeated  observations  show  that  certain  proteins,  and 
protein  derivatives  as  well,  possess  an  intrinsic  ability  to 
produce  in  normal  animals  a  toxic  condition  which  bears 
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the  closest  resemblance  to  the  intoxication  shock  in  hyper- 
sensitive animals.  The  conditions  so  similar  to  anaphylaxis 
brought  about  by  the  injection  of  some  heterologous  sera, 
by  peptones  and  other  degraded  proteins  in  untreated  animals 
are  illustrations  of  this  primary  toxic  action.  The  study  of 
the  chemistry  of  proteins  and  protein  derivatives  with  special 
reference  to  their  physiological  action  would  appear  to  offer 
promise  of  affording  an  analysis  of  the  phenomena  of 
hypcrsensitiveness.  The  questions  might  be  stated  thus: 
(i),  Is  the  intact  molecule  essential  to  the  production  of 
hypcrsensitiveness,  or  does  the  molecule  contain  a  sensitizing 
moiety  combined  with  non-essential  atom  groups?  (2),  Is 
the  whole  molecule  necessary  for  intoxicating  a  hypersensitive 
animal,  or  does  the  molecule  possess  an  intoxicating  incre- 
ment combined  with  a  sensitizing  group?  and  (3),  Does  the 
protein  molecule  possess  a  moiety  or  moieties  capable  of 
intoxicating  a  normal  animal? 

Vaughan  was  the  first  to  study  the  chemistry  of  the  pro- 
tein molecule  in  relation  to  its  immunizing,  sensitizing,  and 
intoxicating  properties.  By  the  aid  of  an  alcoholic  solution 
of  sodium  hydrate  he  effected  a  cleavage  of  protein  into 
two  fractions  —  both  retaining,  in  part,  their  protein  nature. 
One  of  these  fractions,  the  alcohol  soluble  portion,  was 
poisonous  but  non-sensitizing  ("  toxophore '*),  while  the 
other  —  the  alcohol  insoluble  residue  —  was  sensitizing  but 
non-poisonous  (**  haptophore").  As  might  be  expected,  all 
proteins  studied  were  found  to  yield  sensitizing  portions,  but 
it  was  quite  unexpected  to  find  that  all  proteins,  whether 
primarily  toxic  or  not,  yielded  a  poisonous  fraction.  What 
was  still  more  strange,  all  of  these  poisonous  fractions 
appeared  to  be  identical  in  their  composition  and  effects. 
Such  innocuous  substances  as  egg  albumin,  serum  proteins, 
and  proteins  from  non-pathogenic  bacteria,  yielded  a  poison 
quite  as  potent  as  did  the  proteins  from  virulent  pathogenic 
bacteria.  Vaughan  therefore  concludes  that  all  proteins 
possess  a  common  poisonous  group,  and,  on  the  other  hand, 
all  proteins  possess  a  sensitizing  group  which  is  peculiar  to 
that  particular  protein  from  which  it  is  derived. 
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Much  of  the  criticism  directed  against  Vaughan's  work 
has  been  largely  academic  in  character  and  is  based  on  an  a 
priori  consideration  of  the  methods  he  employed  rather  than 
on  actual  experiments.  The  chief  objection  raised  has  been 
that  the  process  of  obtaining  split-protein  products,  i.^,  by 
boiling  with  alcoholic  sodium  hydrate,  constitutes  a  radical 
chemical  procedure,  and  that,  therefore,  the  substances  pro- 
duced by  this  hydrolysis  are  artificial  products  and  not  true 
cleavage  derivatives.  This  objection  is  not  necessarily  valid. 
In  order  to  obtain  from  proteins,  by  artificial  means,  the 
various  substances  of  decreasingly  smaller  molecules  result- 
ing normally  from  enzymatic  digestion  in  vivo,  it  is  neces- 
sary to  submit  the  protein  to  a  more  or  less  violent  chemical 
attack.  Such  substances  arising  from  a  sufficiently  prolonged 
hydrolysis  by  means  of  acid»  or  in  an  autoclave,  differ  in 
quantity  perhaps  but  not  in  kind  from  the  substances  result- 
ing in  pancreatic  digestion,  and  their  production  can  be 
controlled  by  regulating  the  acceleration  and  intensity  of  the 
cleavage.  It  has  been  further  contended  that  the  amount  of 
the  isolated  poisonous  fraction  required  to  produce  a  fatal 
intoxication  in  a  normal  animal  is  in  excess  of  the  amount 
of  poison  that  would  arise  from  the  vital  splitting  of  the 
intoxicating  dose  of  protein  in  a  hypersensitive  animal. 
This  contention  similarly  applies  to  the  sensitizing  portion, 
as  it  apparently  requires  a  relatively  larger  quantity  of  the 
cleavage  residue  to  sensitize  than  of  the  original  whole 
protein.  This  contention  admits  of  some  discussion.  The 
alcohol  soluble  fraction  obtained  by  Vaughan's  method 
probably  contains,  after  neutralization  and  removal  of  the 
salt,  several  substances  representing  very  closely  allied 
degradation  stages.  Further,  halting  the  hydrolysis  at  a 
given  point  would  not  necessarily  yield  the  whole  poisonous 
moiety  of  the  original  mother  molecule,  since  at  any  given 
stage,  in  addition  to  the  yield  of  the  particular  poisonous 
substance  or  substances  formed,  there  would  be  higher  com- 
plexes not  yet  split  to  the  poisonous  stage,  as  well  as  a 
certain  amount  of  poison  which  had  passed  on  to  simpler 
derivatives.     The  amount  of  such  accompanying  products 
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in  a  particular  lot  of  the  alcohol  soluble  fraction  would 
naturally  depend  upon  the  velocity  of  the  hydrolysis.  The 
poisonous  substance,  or  so-called  **  Toxophore,"  is  not  to  be 
considered  as  a  definite  chemical  entity,  but  as  an  unknown 
substance  mixed  with  certain  closely  allied  chemical  bodies 
which  are  more  or  less  irrelevant.  Therefore  it  must  be 
emphasized  that  the  amount  of  toxophore  obtained  from 
any  given  amount  of  protein  by  no  means  represents  the 
total  potential  toxic  moiety  of  that  protein.  Such  an 
explanation  applies  equally  well  to  the  sensitizing  cell 
residue. 

For  one  familiar  with  Vaughan*s  work  there  can  be  no 
doubt  that  he  has  succeeded  in  isolating  from  the  cleavage 
of  bacterial  and  other  proteins  two  substances  which  possess 
exceedingly  interesting  chemical  and  physiological  proper- 
ties. The  exact  chemical  nature  of  these  two  substances  is 
yet  to  be  determined.  By  the  reactions  they  give,  both 
show  that  they  still  retain  some  of  their  original  protein 
characteristics.  By  the  efifects  they  produce  in  the  animal 
body  it  would  seem  that  they  individually  represent  the  sen- 
sitizing and  intoxicating  moieties  originally  combined  in  the 
whole  protein  molecule.  In  the  present  communication 
only  the  poisonous  fraction  will  be  considered. 

Vaughan  found  that  this  fraction,  when  injected  into  the 
peritoneal  cavity  of  a  guinea-pig,  apparently  produced  all 
the  symptoms  of  acute  anaphylactic  intoxication.  The 
question  at  once  arises,  are  these  two  conditions  identical, 
and,  if  so,  what  is  the  relation  of  this  substance  to  the  theo- 
retical anaphylatoxin  liberated  from  protein  in  the  sensitized 
animal  body,  or  in  the  test-tube  by  serum,  as  claimed  by 
Friedberger?  If  this  identity  can  be  established,  then,  in 
this  poisonous  fraction  may  be  found  the  means  of  solving 
many  of  the  problems  of  anaphylaxis. 

That  a  comparatively  simple  protein  derivative  may  pro- 
duce acute  fatal  shock  is  by  no  means  an  isolated  or  particu- 
larly recent  observation.  In  this  connection  the  studies  of 
Schmidt-Miilheim,*   published  in  1880,  of  Pick  and  Spiro,^ 
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Underbill,"  and  others,  on  the  physiological  action  of  peptone, 
take  on  a  new  significance.  The  physiological  chemistry  of 
protein  digestion  products  has  naturally  received  much  atten- 
tion and  there  is  considerable  detailed  information  concerning 
their  various  actions  upon  the  blood,  lymph,  and  nervous 
systems.  These  earlier  studies,  with  the  addition  of  Thomp- 
son's *  investigations  on  the  action  of  protamines  and  histones, 
would  appear  to  afford  a  basis  for  analyzing  some  of  the 
phenomena  of  anaphylactic  intoxication.  In  their  newer 
aspects  these  protein  derivatives  have  been  studied  by  Pop- 
ielski,*  Biedl  and  Kraus,*  and  Schittenhelm  and  Weichardt.*'^ 
The  whole  subject  has  been  reviewed  recently  by  Schitten- 
helm,® in  which  review  fuller  details  may  be  sought.  To 
briefly  summarize  his  conclusions  (and  his  conclusions  are 
based  both  upon  the  experience  of  others  and  upon  his  own 
results)  it  has  been  shown  that  bacterial  proteins,  protamines, 
histones,  and  the  more  complex  peptones  are  primarily 
toxic,  while  native  proteins  such  as  the  albumins,  globulins, 
fibrins,  and  nucleoalbumins,  and  the  lower  peptones  and 
amino  acids,  are  relatively  non-toxic.  The  reason  for  the 
toxicity  of  bacterial  proteins  is  not  clear  since  whole  pro- 
teins, with  a  few  exceptions  such  as  ricin  and  abrin,  pro- 
duce signs  of  a  poisonous  action  only  when  administered  in 
amounts  suflicient  to  cause  mechanical  or  osmotic  dis- 
turbances. 

The  physiological  action  of  such  protein  fragments  as 
peptone,  protamines,  and  histone  resembles  in  so  many 
respects  the  intoxication  in  anaphylaxis  that  it  seems  rea- 
sonable to  associate  them,  and,  reasoning  by  analogy,  to  see 
in  their  action  support  for  the  theory  that  anaphylactic 
shock  is  due  to  a  parenteral  digestion  of  protein. 

It  was  the  purpose  of  the  present  investigation  to  study 
in  some  detail,  and  with  special  reference  to  anaphylaxis, 
the  physiological  action  of  the  poisonous  substance  obtained 
from  tuberculo-protein  by  the  method  of  Vaughan.  The 
plan  includes  the  repetition  of  many  of  Vaughan's  experi- 
ments and  those  of  Banzhaf  and  Steinhardt,*  who  employed 
cell  poisons  obtained  by  a  similar  method  from  various 
sources.     The   principal   variation   between  their  work  and 
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the  present  research  consists  in  certain  modifications  of 
technic  and  the  addition  of  some  experiments,  which,  it  was 
felt,  would  throw  additional  light  on  the  nature  of  the  action 
of  the  protein  poison. 

II.    Preparation  of  the  material. 

The  dried  bacterial  mass  used  in  the  preparadon  of  these  products  was 
obtained  from  cultures  of  Bacillus  tuberculosis,  typus  humanis  (Saranac 
Laboratory,  Strain  Hsr).  This  strain  is  virulent  for  guinea-pigs.  The 
surface  growth  from  three  to  six  weeks  old  glycerine  broth  cultures  was 
collected  on  porcelain  filters,  drained  and  washed  with  water  until  the 
washings  failed  to  show  any  trace  of  chlorides.  The  moist  material  was 
thoroughly  dried  over  sulphuric  acid  in  vacuo  at  room  temperature.  The 
dried  bacUli  (fifty  grams)  were  then  ground  to  a  fine  powder  in  a  porcelain 
ball  mill  (about  one  hundred  and  fifty  hours  grinding).  The  powder  was 
placed  in  a  Sozhlet  apparatus  and  extracted  with  absolute  alcohol  until 
the  solvent  gave  no  residue  on  evaporation.  Extraction  was  then  contin- 
ued with  absolute  ether  as  above.  Prolonged  extraction  with  alcohol  and 
ether  even  for  several  weeks  failed  to  completely  rob  the  baciUi  of  this 
strain  of  their  add-&stness.  The  extracted  bacUli  were  then  treated  by 
the  method  of  Vaughan.  The  dry  powder  was  placed  in  a  flask  under  a 
reflux  condenser,  twenty  volumes  of  a  two  per  cent  solution  of  chemically 
pure  sodium  hydrate  in  absolute  alcohol  were  added  and  boiled  for  one 
hour.  The  mixture  was  filtered  hot,  the  residue  being  returned  to  the 
flask,  boiled  again  for  the  same  time  with  alcoholic  sodium  hydrate, 
filtered  and  the  operation  repeated  a  third  time.  The  combined  filtrates 
were  exactiy  neutralized  to  litmus  solution  with  hydrochloric  acid,  the 
resulting  precipitate  removed  by  filtration  and  the  filtrates  evaporated  to 
dryness  in  vacuo,  the  temperature  never  rising  above  45®  C.  The  residue 
was  taken  up  in  warm  absolute  alcohol,  filtered,  and  the  filtrate  evaporated 
as  before.  The  operation  was  repeated  three  times  and  the  final  residue 
ground  to  a  fine  powder  and  kept  over  sulphuric  add.  The  preparation 
represents  the  protein  poison  (toxophore)  and  was  designated  as  III.  T. 

The  cell  residue  left  after  the  thrice  repeated  boiling  with  alcoholic 
sodium  hydrate  was  repeatedly  washed  with  ninety-five  per  cent  alcohol  by 
decantation,  then  with  absolute  alcohol  and  finally  extracted  in  a  Soxhlet 
apparatus  with  absolute  alcohol  until  the  extract  gave  no  residue  and  was 
nentral  to  litmus,  then  dried  in  vacuo.  This  constituted  the  sensitizing 
portion  of  the  tuberculo-protein  and  was  designated  as  III.  H.  (haptophore) 
and  will  be  dealt  with  in  another  communication. 
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Preparation  of  Split  Products  or  Tubercle  BAaLLL     (Vadghah.) 

Dried  tubercle  beciUi. 

Broth  culture  H,,  sir  dried. 

(Extracted  with  hot  absolute  alcohol.) 


I  I 

Residue.  Extract. 

(Extracted  with  hot  absolute  ether.)  Lipoids,  fiitty  adds,  neutral  fat,  wax. 

Residue.  Extract. 

(s#  NaOH  in  absolute  alcohol  at  Neutral  fat,  wax. 

78*  C.    (so  vols.)    Three  ex- 
tractions.) 

Residue.  Filtrate. 

(Washed  95^  alcohol.    Extracted  (NentralUed  witii  HCL.) 

lOoH  alcohoL)  I 

«•  Haptophore."  „ ,  I    ,  rr-iA^ 

^    *^  Precipitate.  Filtrate. 

NaCl.  Eraporated  at  40*  C. 

Dissolved  in  absolute  alcohol. 

Repeated  three  times. 

Dry  residue. 

•«  Toxophore.** 

The  alcohol  soluble  portion,  the  toxophore  (Preparation  III.  T.),  is  a 
yellowish-brown  powder  with  a  characteristic  pungent  odor.  It  is  readily 
soluble  in  absolute  alcohol,  giving  a  clear  solution.  It  dissolves  in  water 
and  in  physiological  salt  solution,  giving  a  slightly  opalescent  fluid,  £untly 
acid  to  litmus.  The  fiaint  turbidity  increases  on  heating  but  disappears 
on  cooling.  The  watery  solution  gives  a  distinct  biuret  test.  The 
powder  gives  a  ^ntly  cloudy  solution,  with  hot  concentrated  nitric  add 
which  clears,  then  becomes  a  strong  but  not  deep  yellow  upon  the  addition 
of  ammonium  or  sodium  hydrate.  The  Adamldewicz  and  Liebermaon 
reactions  are  both  positive,  while  Millon  and  Molisch  are  £aintly  positive. 
The  addition  of  bromine  water  to  a  watery  solution  of  the  powder  produces 
a  white  flocculent  precipitate  but  no  color,  showing  the  absence  of  trypto- 
phane. 

In  the  present  instance  no  attempt  has  been  made  to 
investigate  the  chemical  nature  of  this  tuberculo-poison, 
although  it  is  planned  to  take  up  the  matter  in  the  near 
future.  Vaughan  and  his  pupils,  particularly  Wheeler," 
studied  in  detail  the  constitution  of  similar  poisons  derived 
from  other  proteins.  The  poison,  as  obtained  by  Vaughan's 
method,  is  undoubtedly  crude.  Its  various  reactions  and  its 
behavior  in  different  solvents  show  it  to  be  a  mixture  of 
several  substances,  some  of  which  may  be  removed  without 
decreasing  its  toxicity.  It  is  probable  that  the  poisonous 
part  of  the  powder  may  be  composed  of  several  substances, 
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closely  allied  through  their  chemical  and  physiological 
properties.  All  the  reactions  of  this  poisonous  fraction  argue 
for  its  protein  character,  but  its  exact  nature  and  constitution 
are  yet  to  be  determined. 

III.    The  action  of  the  poisonous  substance. 

1 .  Technic  of  injections : 

Ail  guioea-pigs  were  from  the  same  source  and  were  as  near  two  hun- 
dred grams  in  weight  as  it  was  possible  to  obtain  them.  The  dry 
poisonous  substance  was  dissolved  in  sterile  .9  per  cent  salt  solution  in  the 
proportion  of  .010  gram  poison  in  one  cubic  centimeter.  The  injections 
were  made,  unless  otherwise  noted,  in  one  of  the  external  jugular  veins. 
Owing  to  anatomical  differences  and  operative  convenience  the  injection 
is  usually  more  successful  when  the  right  jugular  is  used.  Autopsies  were 
performed  immediately  after  death. 

2.  Symptoms  and  gross  pathology: 

In  the  present  experiments  the  effects  noted  after  the 
intravenous  injection  of  the  poison  are  striking.  When  a 
quantity  approximating  the  minimum  fatal  dose  is  given,  the 
first  symptoms  appear  immediately,  or,  at  most,  within 
thirty  seconds.  The  animal  becomes  restless,  scratches  its 
nose,  and  frequently  utters  a  sharp  hiccough.  The  move- 
ments become  incoordinate,  the  gait  is  unsteady.  The  eyes 
are  fixed,  and  stare.  Respiratory  embarrassment  with 
diaphragmatic  spasm  sets  in  and  increases  to  a  degree 
which  causes  the  animal  to  spring  from  its  feet,  to  buck,  and 
finally  to  fall  on  its  side  with  convulsive  twitching  of  its  legs, 
intermittent,  and  both  clonic  and  tonic  in  character. 
Involuntary  micturition  and  defecation  frequently  take  place. 
The  dyspnea  becomes  more  marked,  and  then  ensue  succes- 
sive periods  of  apnea  lasting  as  long  as  twenty  to  thirty 
seconds.  These  are  followed  by  violent  inspiratory  efforts, 
during  which  the  chest  wall  becomes  fixed  in  maximum 
inspiration.  Cyanosis  is  noticeable  in  the  lips  and  ears  and 
becomes  more  marked.  The  convulsive  gasps  increase  in  fre- 
quency and  decrease  in  depth,  until  finally  only  the  lips  move, 
the  feeble  and  rapid  dilatations  of  the  alae  nasi  marking  the 
onset  of  death.  This  sequence  of  symptoms  is  accompanied 
by  a  rapid  and  progressive  fall  of  the  body  temperature. 
Death  takes  place  in  from  one  and  one-half  to  six  or  seven 
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minutes.  Immediate  autopsy  reveals  first  a  cyanotic  hue  of 
the  subcutaneous  and  muscular  tissues.  The  blood  is  dark 
in  color  and  does  not  clot  readily.  Beyond  an  exaggerated 
peristaltic  movement  of  the  intestines,  the  abdominal  viscera 
appear  to  be  normal.  On  opening  the  chest  the  lungs  are 
found  to  be  in  a  state  of  maximum  inflation,  overlapping  the 
precordium,  and  forming  a  cast  of  the  thoracic  cavity. 
They  are  pale  and  often  slightly  bluish  in  color  and  fre- 
quently exhibit  punctate  hemorrhages  on  the  surface.  The 
heart  still  beats.  Not  infrequently  there  is  definite  heart 
block,  with  an  auriculo-ventricular  arythmia  of  three  to  one. 
Often  there  are  petechial  hemorrhages  in  the  epicardium. 
Greater  extravasations  are  also  seen,  and  in  two  cases  actual 
rupture  of  the  ventricle  had  apparently  taken  place.  On 
section  the  lungs  do  not  collapse  and  on  pressure  only  a 
little  frothy  serum  exudes.  They  are  not  edematous.  They 
float  on  water.  The  excised  heart  continues  to  beat  for 
several  minutes.  The  gross  appearance  of  the  brain  is  nor- 
mal. A  study  of  the  pathological  changes  in  the  histology 
of  the  lungs,  heart,  and  brain  has  been  undertaken  but  has 
not  yet  progressed  sufficiently  to  warrant  any  conclusions. 
When  the  dose  is  larger  the  acute  symptoms  appear  instanta- 
neously and  their  sequence  is  more  rapid.  With  a  sub-lethal 
dose  the  onset  is  slower  and  the  manifestations  are  less 
violent.  The  animal  shows  evidence  of  weakness,  drags  its 
hind  legs,  and  frequently  lies  on  its  side  in  collapse.  The 
apneac  stage  is  never  reached,  its  appearance  therefore 
signifies  inevitable  death.  Recovery  from  a  non-fatal  dose  is 
comparatively  prompt  even  when  near  the  lethal  border  line. 
Recovered  animals  exhibit  no  visible  sequelae  of  the  intoxi- 
cation. 

During  the  present  investigation  there  has  been  frequent 
occasion  to  compare  the  acute  intoxication  produced  in 
normal  animals  by  the  tuberculo-poison  with  the  fatal  shock 
in  hypersensitive  pigs  following  the  intravenous  injection  of 
the  specific  protein.  It  has  been  found  impossible  to  dis- 
cover any  appreciable  points  of  difference  in  the  symptomat- 
ology and  gross  pathology  of  the  two  conditions.  They 
would  therefore  appear  to  be  identical. 


Digitized  by  CjOOQIC 


CERTAIN  PRODUCTS  FROM  TUBERCLE  BACILLUS.   327 

3.     Determination  of  minimum  lethal  dose: 

(Combining  Experiments  i,  8, 11, 12,  13.) 


Pi?. 

Weight. 

Pr«paration. 

Dose 

(grams). 

NsCl 
(cc.). 

Proportion 
to  Body 
Weighf. 

Result. 

Autopsy. 

45    .  . 

190 

II.  T.* 

0.019 

1.90 

1:10000 

XX3tD.S'39"t 

Typical. 

38    .  . 

180 

III.  T. 

0.018 

1.80 

1 :ioooo 

XXX  D.  3' 30" 

« 

39    .  . 

190 

II.  T. 

Ojois 

1.50 

1 : 19000 

XXX  D.  4' 

<i 

40    .  . 

190 

III.  T. 

0MIS9 

1.59 

1 : I90OO 

XXX  D.  3' 30" 

•< 

193.  - 

a»5 

«t 

0.0180 

1.8 

I  :i90oo 

XXX  D.  5' 

i« 

31    .  . 

330 

«« 

o/»s 

0.50 

i:.^ 

XXX  D.6' 

<• 

41    .  . 

aoo 

M 

ox>i43 

«^ 

1:14000 

XXX  D.  3'  15" 

•• 

19a.  . 

190 

t« 

ojoiifj 

1.37 

1 : 15000 

XXX  D.  4' 30" 

i« 

ago.  . 

aio 

«• 

0.014 

M 

1:15000 

XXX  D.  4' 30" 

i< 

J9I  .  . 

«5 

<• 

0.0143 

M3 

1:15000 

XXX  D.4' 

II 

J9»     . 

M5 

<« 

0.015 

«.5 

1 : 15000 

XXX  D.  4' 15" 

«• 

36    .  . 

JJO 

M 

0.090 

»'S 

1:16000 

XX  R. 

- 

19   .  . 

405 

l« 

o.oas 

9.0 

1:16900 

XX  R. 

- 

s. .  . 

350 

II.  T. 

0.090 

4^ 

1:17500 

XXX  R. 

— 

44    .  . 

aaS 

II 

OU>I95 

>.a5 

1:18000 

XXX  D.  3' 40" 

Typical. 

4a    .  . 

»S 

III.  T. 

0.0114 

1. 14 

1:18000 

XXX  D.  3' 90" 

<• 

35    .  . 

370 

i« 

0.090 

9U> 

1:18500 

XX  R. 

- 

98    .  . 

190 

II.  T. 

0.0086 

0.86 

1:99000 

XX  R. 

- 

43    .  . 

»S 

III.  T. 

0.0069 

0.89 

1:95000 

xR. 

- 

3»    .  . 

330 

M 

0.010 

0.9 

1:33000 

XX  R. 

— 

ao   .  . 

385 

II 

0.0135 

1.0 

1:38000 

xR. 

- 

*  II.  T.  prepared  the  same  as  III.  T. 

t  X  R.    Slight  symptoms  —  spasmodic  coogh  —  bucking  —  recovery. 

XX  R.    Marked  symptoms— spasmodic  cough—bucking— respiratory  distress— recovery. 

XXX  D.    Fatal  —  very  acute  —  f ulminatia  g. 

In  addition,  eight  other  pigs  varying  in  weight  from  three 
hundred  to  four  hundred  and  thirty  grams  were  given  doses 
of  from  1 :  12000  to  1 14000,  which  resulted  in  death  in  seven 
minutes  or  less.  From  the  above  it  was  determined  that  one 
part  of  dry  poison  to  fifteen  t^housand  parts  of  body  weight 
represents  the  minimum  fatal  dose  for  animals  weighing  not 
more  than  two  hundred  and  fifty  grams.  Undoubtedly, 
further  purification  by  re-solution,  filtration  and  evaporation 
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would  increase  the  toxicity  of  the  preparation,  but  the  inci- 
dental loss  of  material  was  too  great  to  make  it  practicable 
in  the  present  instance. 

4.  Toxicity  of  pulverized  dry  tubercle  bacilli  and  of  the 
same  extracted  with  alcohol  and  ether : 
For  purposes  of  comparison  it  was  deemed  desirable  to 
observe  the  toxic  effect  of  injections  of  dried  tubercle  bacilli 
and  of  the  same  bacilli  after  being  thoroughly  extracted  with 
boiling  alcohol  and  then  ether.  It  might  be  noted  here  that 
the  material  was  found  to  be  non-infectious.  The  dry 
powder  was  emulsified  in  physiological  salt  solution  and 
injected  intraperitoneally. 

ExpEUMBNT  3.     (Dried  tubercle  badllL) 


Fig. 

Wdfht. 

Dried  Taberde 
BftcilU  (grass). 

Relation  to 
Body  Wdght, 

Result. 

25 

26 

27 

13 

1 

295 
^5 
275 
375 
390 
355 
345 
305 
255 

0.85 
0.57 
0.275 
0.188 

0.13 
0.1 18 
0.086 
0.06 
0.026 

1:250 

1:500 

l:  1000 

1:2000 

1:3000 

1:3000 

1:4000 

1:5000 

I:  lOOOO 

Death  22  homs. 
«     21     " 
"     24    " 

Recovery. 

Death  36  hours. 

« 

u 
it 

14 

15 

16 

i? 
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Experiment  5.    (Alcohol-ether  extracted  tubercle  badlU.) 


Pi«. 

Weight. 

III.  R.*  (grams). 

Relation  to 
Body  Weight. 

Result. 

21 

22 

23 

10 

II 

13 

8 

0... ....•• 

400 

340 
300 
280 

320 
270 

1.60 

0.70 

0.34 

0.3 

0.II2 

0.07 

0.064 

ao27 

I:  250 
1:500 
I: 1000 
I: 1000 
1:2500 
1:4000 
I  :5000 
I: lOOOO 

Death  24  hours. 

Death  30-40  hours. 

Recovery. 

Death  26  hours. 

Recovery. 
<( 

M 
M 

*  III.  R.  represents  the  tubercle  bacilli  after  extraction  as  described. 

These  intraperitoneal  injections  called  forth  no  acute 
symptoms.  After  an  hour  the  animals  appeared  sick, 
trembled,  and  showed  symptoms  of  a  slow  poisoning. 
Autopsy  showed  a  plastic  fibrinous  peritoneal  exudate  with 
visceral  congestion.  Krause  has  found  that  as  much  as 
twenty-five  cubic  centimeters  of  watery  extract  representing 
.250  gram  of  the  dried  substance  of  the  tubercle  bacillus 
may  be  injected  intravenously  in  normal  pigs  without  eliciting 
any  anaphylactic  symptoms.* 

*  Personal  communication. 
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5.     Effect  of  heat  on  the  toxicity  of  the  poison : 

The  dry  powder  was  dissolved  in  physiological  salt  solution  (.010  gram 
in  ten  cubic  centimeters)  and  boiled  over  the  free  flame  for  one  minute. 
Animals  99,  100,  and  loi  received  a  similar  solution  which  bad  been 
filtered  hot  after  boiling,  the  filtrate  being  again  boiled  and  filtered. 


Pig. 

Weight. 

Prepanttion. 

Dose 

(grams). 

NaCl 
(cc.). 

Proportion 
to  Body 
Weight. 

Reaolt 

Autopsy. 

46    .   . 

330 

11.  T. 

0.033 

a.3 

1:10000 

XXX  D.  3'  15" 

Typical. 

47    •  • 

a40 

III.T. 

ojoa4 

»4 

1:10000 

XXX  D.  4' 

« 

96    .  . 

I9S 

•• 

0.0106 

1.0S 

1:18000 

XXX  D.  4' 

•1 

97    •  • 

aoo 

«< 

0.00S 

O.S 

1:35000 

XX  R. 

- 

99    .  . 

aoo 

II.  T. 

0.0166 

1.66 

i:iaooo 

XXX  D.  5'  45" 

Typical. 

100.  . 

aoo 

<« 

0.015 

1.50 

I.I3333 

XXX  D.  3' 

II 

lOI  .    . 

»95 

(1 

0.0108 

,.08 

1:18000 

XX  R. 

- 

All  injections  intravenous. 

The  poisonous  substance  is  therefore  thermostabile  within 
the  limits  observed.  This  is  in  agreement  with  the  observa- 
tions of  Ritz  and  Sachs,^  who  found  the  poisonous  principle 
of  peptone  to  be  resistant  to  heat.  The  anaphylatoxin,  how- 
ever, is  thermolabile.  The  slight  precipitate  appearing  when 
the  solution  is  heated  is  evidently  non-toxic  since  its  removal 
by  filtration  does  not  impair  the  original  titer  of  the  poison. 

6.     Effect  of  the  poison  on  body  temperature : 

The  question  of  the  action  on  the  heat-regulating  mech- 
anism is  one  of  importance.  Its  bearing  upon  the  production 
of  fever  in  infectious  diseases  is  obvious  if  such  changes  in 
temperature  are  to  be  looked  upon  as  modified  intoxications 
due  to  a  hypersensitiveness  to  bacterial  or  somatic  protein. 
Reasoning  from  analogy,  it  would  be  expected  that  small 
doses  would  elevate  the  temperature  while  excessive  or  fatal 
doses  would  depress  it.  Friedberger  has  observed  that  small 
intoxicating  doses  of  protein  produce  an  elevation  of  tem- 
perature in  sensitive  animals.  Vaughan,"  in  a  recent  paper 
on  protein  fever,  reports  that  the  injection  of  comparatively 
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large  but  sub-lethal  doses  of  the  cleavage  poison  produces 
pyrexia  in  rabbits.  He  also  found  that  frequently  repeated 
injections  of  small  amounts  of  protein  gave  rise  to  the  same 
condition,  and  therefore  he  considers  fever  as  a  manifesta- 
tion of  hypersensitive  intoxication.  A  fatal  dose  of  protein 
in  a  sensitive  animal  invariably  produces  a  rapid  fall  in 
temperature.  The  difference  between  fever  and  the  acute 
drop  in  fatal  anaphylactic  collapse  would  therefore  appear 
to  be  dependent  upon  quantitative  rather  than  qualitative 
factors. 
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The  animals  used  in  Experiment  39  had  previously  re- 
ceived, at  intervals  of  five  days  or  more,  intraperitoneal  or 
subcutaneous  injections  of  the  poison  in  increasing  amounts 
in  order  to  determine  the  threshold  of  febrile  reaction.  The 
doses  were  .000001,  .00001,  .0001,  and  .001  gram  respec- 
tively. The  resulting  variations  in  the  body  temperature 
were  too  slight  and  inconstant  to  have  any  significance. 

One  would  expect  that,  if  the  poisonous  fraction  were  con- 
cerned in  fever  production,  a  dose  of  .010  gram  should  elicit 
some  indication  of  such  action.  The  results  recorded  in  the 
above  table,  however,  are  more  or  less  negative.  There 
appears  to  be  a  slight  initial  depression  in  the  temperature 
followed  by  a  corresponding  elevation.  There  is  certainly 
no  fever  production.  It  will  be  necessary  to  repeat  this 
experiment  using  still  larger  doses  and  also  repeating  the 
injections  at  frequent  intervals.  The  paucity  of  material 
makes  this  impossible  at  present. 

7.  Does  the  poisonous  substance  contain  any  sensitizing 
groups? 

If  these  protein  cleavage  products  are  to  be  considered  as 
representing  the  analogues  of  the  sensitizing  and  intoxicating 
groups  concerned  in  the  phenomena  of  hypersensitiveness, 
then  it  must  be  shown  that  the  cleavage  effected  by  this 
method  is  sharp  and  complete.  The  cell-poison  should  be 
inert  in  producing  sensitization  and  the  cell  residue  should 
produce  no  signs  of  intoxication  in  either  normal  or  specifi- 
cally sensitized  animals. 

It  was  found  desirable  to  defer  the  study  of  this  phase  of 
the  subject  to  a  more  convenient  occasion.  The  following 
table  is  inserted  in  the  way  of  a  preliminary  note,  without 
venturing  any  inferences  from  the  result.  The  intoxicating 
dose  of  extract  emulsion  had  repeatedly  been  found  suffi- 
cient to  kill  properly  sensitized  animals.  Pigs  52  and  53 
showed  no  signs  of  intoxication,  but  a  larger  amount  of 
extract  emulsion  would  have  been  desirable.  It  may  be  also 
noted  here  that  the  cell  residue  as  prepared  above  renders 
animals  sensitive  to  whole  tuberculo-protein,  but  in  doses  as 
large  as  .500  gram  it  fails  to  intoxicate  either  sensitive  or 
normal  animals. 
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8.     Does  the  poison  immunize  to  itself? 

Vaughan  found  that  repeated  intraperitoneal  injections  of 
protein  poison  render  rabbits  and  guinea-pigs  somewhat  more 
resistant  to  its  action.  He  concludes  that  the  poisonous 
group  produces  no  antitoxic  antibodies  in  animals  thus 
treated.  The  lessened  susceptibility  would  seem  to  be  due 
more  to  an  acquired  tolerance  than  to  a  true  immunity. 
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The  animals  treated  as  above  all  gained  weight  and  showed 
no  appreciable  effects  incident  to  the  repeated  injections. 
They  failed  to«develop  any  changed  reactivity  to  the  poison. 
No  immunity  was  produced.  The  difference  between  this 
poisonous  substance  and  the  true  toxines  is  obvious. 

The  bearing  which  the  refractory  stage  produced  by  the 
poisonous  substance  has  upon  the  phenomenon  of  antiana- 
phylaxis  is  a  question  of  sufficient  importance  to  merit 
individual  consideration.  It  will  accordingly  be  dealt  with 
in  another  communication.  The  data  obtained  seem  to  show 
that  the  poison  may  take  an  important  part  in  preventing  a 
subsequent  intoxication  with  the  poison  itself,  or  in  true 
anaphylactic  intoxication.  One  experiment  might  properly 
be  included  here,  on  account  of  the  present  interest  attached 
to  it  as  well  as  by  way  of  presaging  a  future  report  on  the 
subject. 

Experiment  21. 


Date. 


Xl-is-ii 

XI-15 

Xl-is 

XII-3P 

II-a6-is* 


Pig. 

Weight. 

>44 

^55 

HS 

"5 

146 

ai5 

236 

»s 

^90 

aio 

391 

aoo 

jpa 

MS 

I8t  Injection 
III.T. 


1:15000 

1:13190 

1:15000 

1:15000 
0.015  gm.  chloral 
ojois  "         " 
0.015  "        *• 


Interval. 

sd  Injec- 
tion 
III.T. 

Symptoms. 

48  hours. 

i:iaooo 

0  Recovery. 

•• 

i:iaooo 

0 

(« 

i:iaooo 

0 

(( 

1  :iaooo 

X          •• 

a4  hours. 

1 : 15000 

XXX  D.  4'  30" 

II 

1 : 15000 

XXX  D.  4' 

" 

1 : 15000 

XXX  D.  4'  15" 

Autopsy. 

O 
O 

o 
o 

Typical. 


*  Intravenous  injection. 

The  first  three  animals  were  protected  from  the  first  dose 
with  .015  gram  chloral  hydrate.  Two  days  later  they  suc- 
cessfully resisted  a  supra-lethal  dose  of  i :  12000.  The  three 
controls  showed  that  the  chloral  played  no  part  in  protect- 
ing against  the  second  injection.  Pig  236  had  received  a 
mixture  of  fresh  guinea-pig  serum  and  a  fatal  dose  of  the 
poison  two  days  previously  (Experiment  35).  The  intra- 
venous injection  of  a  large  but  non-fatal  dose  of  poison 
apparently  renders  the  animal  at  least  temporarily  refractory 
to  a  subsequent  similar  injection  of  what  would  normally  be 
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a  fatal  dose.     The  degree  and  duration  of  this  insuscepti- 
bility will  be  tested. 

With  a  view  to  comparing  the  behavior  of  this  protein 
poison  to  that  of  certain  bacterial  toxines  and,  further,  with 
a  view  to  inquiring  into  the  localization  of  its  action,  the 
absorption  power  of  some  tissues  was  studied.  The  technic 
of  Wassermann  and  Takaki's^  classic  experiment  with 
tetanus  toxin  was  adopted  and,  with  some  modifications,  was 
in  detail  as  follows : 

9.     Absorption  of  poison  with  brain  tissue : 

Two  guinea-pigs  of  two  hundred  and  five  and  two  hundred  and  thirty 
grams  respectively  were  killed  by  bleeding.  The  brains  were  immediately 
removed  and  ground  together  to  a  homogeneous  paste.  Two  and  one-half 
grams  of  this  paste  were  thoroughly  emulsified  in  ten  cubic  centimeters  of 
salt  solution  containing  .100  gram  poison  and  the  emulsion  incubated  for 
one  hour  at  37.5^  C.  It  was  then  centrifuged  and  the  residue,  after  a 
sharp  and  complete  separation  of  the  supernatant  fluid,  was  washed  with 
ten  cubic  centimeters  of  salt  solution  and  again  centrifuged.  The 
opalescent  supematants  were  combined  and  immediately  used  for  injec- 
tion. Variations  in  the  procedure  were  tried.  The  poison  was  incabated 
with  a  centrifuged  extract  of  the  brain  and  also  with  the  extracted  residue. 
The  results  were  the  same  and  are  tabulated  below. 


Experiment 

30.     (XII- 

[8-11.) 

Pig. 

Wdght, 

III.  T. 

N«CI 
Sztimct. 

STmptoms. 

Autopsy. 

198 

196 

199 

197 

aoi 

200 

200 

220 
230 
200 
205 
215 

I:  12000 
I:  12000 
i:  15000 
I:  15000 
1:15000 
1:20000 

1.67 
1.83 
»-53 
1-33 
1-37 
1.08 

XXX  D.  8'  30" 
XXX  D.  4  30" 
XXX  D.  3' 15" 
XXX  D.  4' 30" 
XXX  D.  4' 
X  D.  I  hr.  15' 

u 
« 
«( 
«( 

Normal 

In  the  case  of  Pigs  196  and  197  the  poison  was  mixed  with  brain  emol- 
sion  and  centrifuged  without  incubation.  Pig  201  received  a  brain  emul- 
sion in  which  the  toxophore  had  been  incubated  for  one  hour  and  forty 
minutes.  The  emulsion-toxophore  mixture  given  to  Pigs  198,  199,  and 
200  had  been  incubated  fifty  minutes. 
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It  is  evident  that  there  is  a  marked  dissimilarity  between 
the  absorption  affinity  of  brain  tissue  for  tetanus  and  diph- 
theria toxin  on  the  one  hand  and  for  the  tuberculo-poison 
on  the  other.  Contact  with  brain  tissue,  under  the  condi- 
tions noted,  apparently  fails  to  affect  the  titer  of  the  poison. 

lo.     Absorption  with  lung  tissue : 

If  the  action  of  the  poison  is  peripheral  it  is  conceivable 
that  lung  tissue  might  have  a  selective  affinity  for  this  sub- 
stance. The  technic  was  precisely  the  same  as  that  employed 
with  brain  tissue. 

EXPEKIMENT  33. 


Date. 

Pi«. 

Weight. 

III.T. 

NaCl 
Eztrmct. 

Symptoms. 

Autopsy. 

XII-a9-ix .  . 

338 

i8S 

1:15000 

a.47 

XXX  Slow  D.  11' 

Lungs  collapsed. 

M 

M9 

300 

i:i3ooo 

3.33 

XXX  D.  5'  45" 

Typical. 

M              ,     , 

»30 

310 

1 : 15000 

3.80 

XX  D.  13  hours. 

- 

" 

»3> 

330 

1 : 13000 

3.67 

XXX  D.  9'  45" 

Typical. 

I-a>-ia  .  .  . 

»76 

310 

1:15000 

3.80 

XXX  D.  3'  10" 

(1 

u                   ^    ^ 

a77 

3IO 

1:15000 

3.80 

XXX  D.  I' 30" 

M 

Again  there  appears  to  be  no  absorption.  Slight  variations 
were  noted,  but  they  might  be  traced  to  obvious  technical 
difficulties. 

II.     Absorption  with   liver   tissue.     (Method   precisely  as 

above) : 

Experiment  34. 


Date. 

Pig. 

Weight 

III.T. 

NaCl 

Extract 

(cc.). 

Symptoms. 

Autopsy. 

XII-3^II  .   . 
u 
«< 

I-33-I3   .  .  • 
«• 

M 

333 

334 

»35 
379 
380 
381 

383 

>95 

330 
315 
315 
310 
300 
335 
310 

1:15000 
1:15000 
1:15000 
1 : 13000 
1:15000 
1 : 15000 
1 : 13000 
1 :  15000 

3.6 

3.83 

3.6 

3.8 

3.66 

375 

3.5 

XXX  D.  3' 45" 
XX  D.  36  hours. 
xR. 

XXX  D.  3' 
XX  R. 

XXX  D.  3'  40" 
XXX  D.  3'  10" 
X  D.  1  hour  18' 

Typical. 

Typical. 
TypicaL 
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Here  there  is  some  evident  lack  of  uniformity  in  the 
behavior  of  the  pigs.  Three  of  the  eight  animals  recovered 
and  more  or  less  atypical  symptoms  were  noted  in  several 
cases.  Contact  with  tissue  and  its  incidental  extraction  must 
introduce  conflicting  factors.  The  reaction  produced  in 
some  of  the  pigs,  however,  evidences  the  feeble  affinity 
between  the  tissues  studied  and  the  poison. 

These  three  experiments  seem  to  emphasize  the  absence 
of  any  possible  identity  of  this  protein  fragment  with  the 
true  toxines.  The  results,  however,  are  in  accord  with  the 
symptoms  produced  by  the  cell  poison.  Recovery  from  a 
sub-lethal  dose  is  rapid  and  complete  and  this  would  imply 
that  the  contact  between  the  body  cells  and  the  poison  is 
transitory  and  non-destructive.  It  appears  to  be  more  like 
a  fulminating  irritation,  and  may  result  in  an  arrest  of  func- 
tion due  to  a  disturbance  in  the  physical  equilibrium  of  the 
cells  aff*ected. 

12.     Action  of  normal  complement  on  the  poison : 

The  question  of  a  possible  relationship  between  the  cell- 
poison  and  the  anaphylatoxin  of  Friedberger  naturally 
presents  itself.  The  thermostability  of  the  former  as  com- 
pared to  the  lability  of  the  latter  would  seem  to  exclude  such 
a  relationship.  A  further  comparison  might  be  obtained  by 
studying  the  action  of  complement  upon  the  cell-poison 
since  the  lability  of  the  anaphylatoxin  in  the  presence  of 
complement  is  generally  accepted.  An  experiment  to  this 
purpose  was  carried  out  as  follows : 

Five  guinea-pigs  varying  in  weight  from  two  hundred  and  twenty  to 
two  hundred  and  sixty  grams  were  bled  by  cardiocentesis.  The  senim 
was  obtained  by  allowing  the  blood  to  clot  (one  hour  at  37.5*  C.  then 
three  hours  on  ice)  and  was  centrifiiged  clear.  It  was  kept  on  ice 
twenty-four  hours.  To  each  cubic  centimeter  was  added  .010  gram  III.  T. 
and  incubated  at  37.5°  C.  as  below.  A  corresponding  amount  of  senim 
alone  was  incubated  for  corresponding  lengths  of  time  and  injected  in 
control  animals.  Cultures  showed  the  serum  and  serum-poison  mixture 
to  be  sterile  in  each  case. 
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Experiment 

35. 

Date. 

Pig. 

Weight. 

III.  T. 

Serum 
(cc). 

Incubftted. 

Symptoms. 

Autopsy. 

XII-30-11. 

336 

»S 

1:15000 

1.37 

a  hours. 

zR. 

— 

«< 

239 

»S 

1:15000 

1.37 

7      " 

XXX  D.  4'45" 

Typical. 

« 

341 

aio 

1:15000 

1.40 

14      " 

XX  R. 

- 

I-14-1S. 

a83 

»7S 

1:15000 

1.16 

a     «« 

XXX  D.  4' 30" 

Typical. 

«( 

a84 

aoo 

iriaooo 

1.66 

a     " 

XXX  D.  3' 50" 

*« 

M 

^ 

• 
aao 

1: 15000 

1.46 

6     " 

X  D.  la  hrs. 

- 

IlH^ia. 

a86 

aoo 

1 :  15000 

1.33 

6     " 

XXX  D.  3' 30" 

Typical. 

M 

«87 

aoo 

1 : 15000 

1.33 

6     " 

xxxD.4'30'' 

«< 

t* 

a88 

aoo 

1 : 15000 

1.33 

H      •• 

X  D.  vj'  30'' 

"-zaSdf^ 

U 

a89 

aoo 

iriaooo 

1.66 

14      " 

XXX  D.  5' 

Typical. 

The  control  pigs  showed  no  symptoms,  and  all  promptly 
recovered  from  the  operation  shock.  While  there  is  a  slight 
decrease  in  the  titer  of  the  poison,  yet  it  cannot  be  claimed 
that  normal  serum  under  the  above  conditions  has  any 
marked  destructive  effect  on  the  poison.  It  might  possibly 
be  that  in  the  process  of  preparing  the  poisonous  fraction  it 
in  some  way  becomes  stabilized,  but  such  a  guess  would 
seem  to  be  forcing  the  analogy. 

13.     Skin  tests  with  the  poison. 

If  intradermic  reactions  are  due  to  the  action  upon  the 
local  cells  of  the  poison  liberated  in  the  splitting  of  antigen 
by  free  or  sessile  antibodies  present  at  the  point  of  injection, 
then  it  might  be  expected  that  the  artificially  prepared  poi- 
son could  produce  a  local  reaction  in  normal  animals.  Such 
a  supposition  seems  warranted  by  the  general  reaction 
following  the  administration  of  large  subcutaneous,  intra- 
peritoneal or  intravenous  doses.  If  a  local  receptor  mechan- 
ism is  necessary  for  the  binding  of  the  poison  to  the  dermal 
cells,  then  the  poison  should  produce  no  inflammation.  It  is 
also  possible  that,  all  receptor  interposition  being  excluded, 
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the  poison  is  intrinsically  inert  in  so  far  as  the  production  of 
this  particular  manifestation  is  concerned. 

Four  series  of  pigs  received  intradermic  injections  of 
.00005  grsim  III.  T.  in  .05  cubic  centimeter  physiological 
salt  solution,  with  proper  controls.  The  series  included  four 
normal  animals,  four  which  had  been  repeatedly  treated  with 
subcutaneous  and  intraperitoneal  injections  of  the  poisonous 
fraction  (Experiment  13),  four  animals  sensitized  nineteen 
days  previously  with  the  cell  residue  an4  which  had  been 
found  to  be  sensitive  to  an  extract-emulsion  of  tubercle 
bacilli,  and  four  animals  rendered  and  proved  sensitive  by  a 
watery  extract  of  tubercle  bacilli.  The  animals  were  closely 
observed  and  in  no  case  was  even  a  faint  sign  of  a  reaction 
noticed.  It  was  impossible  to  similarly  test  tuberculous 
pigs,  but  this  is  shortly  to  be  carried  out. 

IV.    The  protective  effects  of  various  substances. 

To  obtain  further  light  upon  the  possible  parallelism 
between  the  fatal  intoxication  produced  by  the  poisonous 
cleavage  product  and  anaphylactic  shock,  it  seemed  desirable 
to  study  the  possible  protective  action  against  the  effects  of 
the  poison  exerted  by  such  substances  as  have  been  found 
to  inhibit  specific  protein  intoxication.  Such  a  study  might 
also  afford  evidence  concerning  the  physiology  of  the 
reaction.  The  following  experiments,  however,  are  sub- 
mitted with  no  intention  of  explaining  the  nature  of  the 
intoxication  but  merely  for  the  purpose  of  recording  com- 
parative features  of  the  two  conditions. 

I.     The  protective  effect  of  atropine  sulphate: 

Auer  and  Lewis  ^^  were  the  first  to  show  that  atropine 
exerts  a  prophylactic  action  upon  anaphylaxis  in  the  guinea- 
pig.  The  injection  of  .002  gram  of  atropine  sulphate  saved 
seventy-two  per  cent  of  their  animals  while  seventy-five  per 
cent  of  the  controls  died.  Anderson  and  Schultz^  report 
the  recovery  of  twenty-eight  per  cent  of  the  animals  which 
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had  received  atropine  just  previously  to  the  intoxicating 
injection  of  protein.  Mita,^  on  the  other  hand,  concluded 
from  his  observations  that  this  alkaloid  possesses  a  protective 
power  too  slight  to  be  of  importance.  Auer's  results  would 
have  been  more  striking  had  he  employed  an  intoxicating 
dose  which  was  one  hundred  per  cent  fatal.  Mita's  experi- 
ments might  have  led  to  a  different  conclusion  if  he  had 
increased  the  amount  of  atropine  injected.  The  discordance 
between  the  results  of  these  two  authors  is  puzzling. 
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Some  of  the  animals  showed  slight  dyspnea,  with  con- 
vulsions and  prostration  but,  with  the  exception  of  two,  the 
manifestations  were  fleeting  and  recovery  took  place  within 
ten  to  thirty  minutes.  Atropine,  therefore,  was  effective  in 
protecting  six  out  of  eight  animals  (seventy-five  per  cent) 
from  a  lethal  or  even  supra-lethal  dose  of  the  poison.  The 
anomalous  behavior  of  Pigs  119  and  126  is  difficult  to  explain, 
since  the  other  six  animals  consistently  failed  to  develop  the 
characteristic  symptoms  of  the  poisonous  shock. 

2.     The  protective  effect  of  morphine  sulphate : 

A  similar  experiment  was  carried  out  with  morphine 
sulphate  as  it  was  felt  that  such  a  series  might  be  of  interest 
as  aflfording  a  comparison  with  the  action  of  atropine.  No 
attempt  is  made  here  to  analyze  the  physiological  mechanism 
involved.  It  is  interesting  to  note  the  extremely  low  suscep- 
tibility of  the  guinea-pig  to  morphia.  Subcutaneous  and 
intraperitoneal  injections  of  .060  gram  of  morphine  sulphate 
produced  at  most  only  a  feeble  narcosis  in  the  animals. 
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Of  the  animals  tested  only  three  showed  typical  symptoms 
and  with  two  of  these  death  was  slightly  delayed.  The  three 
autopsies  revealed  typical  inflation  of  the  lungs,  with  epi- 
cardial  hemorrhages  in  two.  Nine  of  the  pigs  had  only 
slight  symptoms,  and  although  the  issue  was  fatal,  death  was 
delayed  from  forty-two  minutes  to  over  six  hours.  On  sec- 
tion, however,  six  of  the  animals  showed  inflated  lungs  with 
epicardial  hemorrhages.  Two  animals  recovered.  It  will  be 
noted  that  in  five  cases  a  dose  of  i :  I20cx:)  failed  to  produce 
the  typical  immediate  symptoms.  Further  investigation  of 
the  eflects  of  morphia  might  lead  to  a  better  knowledge 
of  the  factors  concerned  in  the  sequelae  of  parenteral  protein 
administration. 

3.     The  protective  effect  of  chloral  hydrate: 

Of  the  observations  on  the  effects  of  chloral  upon  ana- 
phylactic intoxication  those  of  Banzhaf  and  Steinhardt  may 
be  quoted  as  having  a  more  pertinent  application  to  the 
present  experiments,  since  they  studied  the  effects  of  this 
drug  upon  animals  treated  with  a  poison  obtained  by 
Vaughan's  method  from  egg  white.  They  conclude :  "Normal 
guinea-pigs  under  the  influence  of  chloral  (by  intracardiac 
and  intramuscular  injections)  were  completely  protected 
against  one  and  one-fourth  fatal  doses  of  the  poison  (given 
intracardiacally).  If  two  or  more  fatal  doses  were  given, 
death  resulted.  Chloral  mixed  with  the  poison  and  then 
given  caused  irregular  results  which  were  interpreted  as 
meaning  that  there  is  no  chemical  union  of  the  chloral  and 
poison  in  vitro.  We  assume  that  the  chloral  protected  by 
union  certain  vital  cells."  The  present  technic  differs  from 
theirs  only  in  the  method  of  administration  and  the  dose  of 
the  chloral.  The  poison,  as  usual,  was  injected  intravenously 
instead  of  intracardiacally.  The  chloral  hydrate  was  used  in 
a  freshly  prepared  two  and  one-half  per  cent  solution  in 
salt  solution. 
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With  the  exception  of  two  animals  displaying  typical 
s}anptoms,  both  of  which  received  amounts  of  poison  con- 
siderably in  excess  of  that  required  to  kill,  six  of  the  thirteen 
survived  the  injection  with  slight  or  no  symptoms,  while  five 
succumbed  in  from  two  to  thirteen  hours  without  exhibiting 
the  classic  respiratory  spasms.  Autopsy  showed  the  typical 
picture  in  Pigs  133  and  142,  while  in  127  and  128  there  was 
a  partial  inflation  of  the  lungs  with  punctate  hemorrhages 
beneath  the  pericardium.  The  results,  although  not  so 
strikingly  positive  as  those  of  Banzhaf  and  Steinhardt,  at 
least  tend  to  confirm  their  conclusions. 

4.     The  protective  effect  of  lecithin : 

Banzhaf  and  Steinhardt  found  that  lecithin  given  intra- 
peritoneally  in  doses  from  two  hundred  and  fifty  to  five 
hundred  milligrams  or  more  to  serum-sensitized  guinea-pigs 
protected  them  from  a  second  injection  of  five  cubic  centi- 
meters of  horse  serum  given  twenty  hours  later.  When 
lecithin  was  emulsified  with  the  Vaughan  cell-poison  or  given 
twenty  hours  before  the  poison  was  injected  no  protection 
was  afforded. 

Experiment  36.  Freshly  purchased  *' Lecithin-Merck,  from  eggs  H.P."  was 
purified  by  solution  in  boiHng  absolute  ether,  filtration,  evaporation  of  filtrate 
and  precipitation  with  several  volumes  of  aceton  (Kahlbaum).  The  residue 
was  washed  with  aceton,  air  dried,  dissolved  in  wat^-firee  ether,  filtered  and 
evaporated  and  dried  over  sulphuric  add  in  vacuo.  The  final  preparation 
was  £untly  add.  A  fireshly  prepared  ten  per  cent  emulsion  in  physiological 
salt  solution  was  used  for  the  injections. 

A,    The  ledthin  emulsion  and  the  proper  dose  of  poison  solution  were  mixed 
just  before  injection.    Injections  were  made  intravenously. 


Date. 

Pig. 

Weight. 

Lecithin 
(grams). 

III.T. 

Volume 
(cc.). 

Symptoms. 

Autopty. 

I-9-IS    .... 

H* 

>95 

0.350 

3.>S 

XX  R. 

— 

** 

Hi 

18s 

0.350 

1:15000 

3.«S 

XXX  D.  3' 

Typical. 

I~IO-IJ  .... 

2^ 

ajo 

0.350 

1:15000 

3.15 

0  D.  34  hoan. 

Normal. 

I-x8-ia  .... 

^ 

aoo 

0.350 

1 : 15000 

3^3 

xR. 

— 

•*       .... 

365 

190 

0.350 

1:15000 

3.76 

XXX  D.  X'  10" 

Typical. 

tt      ,  ,  ,  , 

a66 

195 

0.350 

I : 13000 

4.13 

XXX  D.  3'  30" 

<• 

II 

^ 

aoo 

0.350 

1 :  13000 

4.16 

XXX  D.  13'  15" 

•« 
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It  was  found  impracticable  to  give  more  than  .250  gram 
of  lecithin.  Control  animals  survived  the  injection  of  such 
an  amount  without  showing  noteworthy  symptoms.  Of  the 
four  animals  receiving  the  minimum  fatal  dose  of  the  poison 
two  had  slight  symptoms  and  recovered,  one  had  no  symp- 
toms but  died  in  twenty-four  hours,  while  the  fourth  reacted 
typically.  The  lecithin  evidently  had  an  abortive  effect. 
With  the  larger  dose  of  poison,  lecithin  was  without  protec- 
tive action. 


B,  The  lecithin  emulsion  was  incubated  with  the  poison  solution  at  37.50  C.  for 
one  hour  in  order  to  see  if  this  lipoid  had  any  detoxicatlng  action  upon  the 
poison. 


Date. 

Pig. 

Weight. 

Lecithin. 

III.T. 

Volume 

(CO.). 

Symptoms. 

Autopsy. 

I-18-ia  .... 

371 

»95 

0.950 

1:15000 

3A> 

OR. 

— 

•( 

J70 

170 

0.350 

1:15000 

3.63 

OR. 

- 

••       .... 

969 

aps 

0.950 

1 : 19000 

4.91 

XX  D.  lo*  10" 

Typical. 

••       .... 

966 

17s 

0.950 

1 :  19000 

3^ 

XXX  D.  9'  10" 

•• 

That  the  two  animals  receiving  the  usual  fatal  dose  of 
poison  recovered  without  symptoms  would  seem  to  show 
that  the  poison  had  been  rendered  less  potent.  That  the 
action  of  the  lecithin  must  be  a  feeble  one  is  shown  by  the 
behavior  of  the  pigs  receiving  the  larger  dose  of  poison. 
These  results  differ  from  those  of  Banzhaf  and  Steinhardt. 
Their  injections  were  made  intraperitoneally,  the  contact 
between  lecithin  and  poison  was  one-half  instead  of  one 
hour  (temperature?)  and  the  amount  of  lecithin  was  either 
much  smaller  (.050  gram)  or  much  larger  (.500  gram). 
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The  primary  lecithin  injection  was  without  appreciable 
effect  upon  the  animals.  The  results  are  too  irregular  and 
inconsistent  to  warrant  conclusions,  but  from  them  it  is 
evident  that  in  some  cases  lecithin  exerts  a  certain  prophy- 
lactic action  against  the  poison. 

The  action  of  lecithin  deserves  further  study.  Banzhaf 
and  Steinhardt  believe  that  in  the  hypersensitive  animal  this 
phosphatide  absorbs  the  specific  protein-splitting  antibody, 
thus  preventing  the  cleavage  and  liberation  of  the  poison, 
and,  reasoning  further  from  their  results,  they  conclude  that 
since  the  lecithin  acts  upon  the  ferment  and  not  upon  the 
poison,  it  therefore  is  unable  to  protect  the  normal  animal 
from  the  artificially  prepared  poison.  Whether  the  lecithin 
acts  by  a  chemical  detoxication  or  by  shielding  the  tissue 
cells,  either  by  a  vital  union  with  them  or  with  a  specific 
ferment,  is  a  question  which  is  beyond  the  scope  of  the 
present  communication. 

A  closer  scrutiny  of  some  of  the  experimental  effects 
brought  out  by  the  present  study  tempts  one  to  speculate 
regarding  their  possible  significance.  The  localization  of 
the  poisonous  reaction  offers  an  inviting  field,  and  certain  of 
the  data  recorded  above  are  suggestive  in  this  direction. 
The  manifestations  produced  by  a  sub-lethal  dose  of  the 
poison  diflfer  essentially  from  those  following  the  injection  of 
a  fatal  dose.  The  respiratory  disturbance  is  less  marked 
and  is  transitory,  while  the  paralytic  symptoms  become 
more  evident.  It  is  possible  that  the  velocity  of  the  fatal 
reaction  is  so  great  that  the  secondary  effects  are  either 
masked  or  are  never  reached.  The  fact  that  certain  drugs 
and  other  agents  may  prevent  the  acute  respiratory  parox- 
ysms and  yet  fail  to  save  the  animal  from  a  slower  death 
may  possess  a  possible  meaning  which  it  may  not  be  profit- 
less to  heed.  The  question  whether  the  intoxication  in 
anaphylaxis  is  peripheral  or  central  may  be  said  to  be  still 
open  to  debate.  The  effects  provoked  by  the  parenteral 
administration  of  the  artificially  obtained  poisonous  sub- 
stance in  non-fatal  doses,  and  as  modified  by  atropine,  mor- 
phine, chloral,  and  other  drugs,  seem  to  suggest  the  plurality 
of  its  action.     It  is  conceivable  that  the  poisonous  fraction 
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obtained  by  Vaughan's  method  contains  either  an  essential 
component  which  is  several  in  its  physiological  action,  and 
which  in  sufficient  doses  exerts  its  primary  and  dominating 
effect  on  the  respiratory  mechanism,  or  that  it  contains 
groups  or  individual  constituents  of  different  selective  vital 
affinities,  the  most  eminent  of  which  is  for  the  peripheral  or 
central  cells  functioning  in  respiration.  It  is  not  unreason- 
able to  hope  that  a  further  separation  of  the  poisonous  frac- 
tion into  its  components  and  a  more  intimate  study  of  their 
various  actions  on  the  animal  economy  may  furnish  valuable 
clues  not  only  to  the  relation  of  these  chemical  substances 
to  true  anaphylactic  processes,  but  also  to  the  physiological 
nature  of  these  varied  phenomena  or  hypersensitiveness. 

V.    Summary. 

1 .  Tuberculo-protein  treated  by  the  method  of  Vaughan 
yields  a  poisonous  substance  (called  Toxophore  by 
Vaughan),  which,  in  suitable  doses,  produces  in  normal 
guinea-pigs  an  intoxication  resembling,  if  not  identical  with, 
the  specific  immediate  protein  intoxication  in  hypersensitive 
pigs.  The  gross  pathological  findings  appear  to  be  similar 
in  both  conditions.  The  minimum  fatal  dose  of  two  prepara- 
tions was  one  part  to  fifteen  thousand  parts  of  body  weight 

2.  Boiling  for  one  minute  with  filtration  does  not  affect 
the  potency  of  the  watery  solution. 

3.  Fatal  doses  of  the  poison  cause  an  abrupt  fall  in 
temperature.  Smaller  amounts  (up  to  .010  gram  for  pigs 
from  two  hundred  to  two  hundred  and  fifty  grams)  are  appar- 
ently without  appreciable  effect  on  the  body  temperature. 

4.  Under  the  experimental  conditions  noted,  repeated 
increasing  doses  of  poison  fail  to  render  animals  immune  to 
a  minimum  fatal  dose. 

5.  Survival  from  a  large  intravenous  dose  of  the  poison 
apparently  renders  the  animal  refractory,  for  forty-eight 
hours  at  least,  to  an  amount  in  excess  of  that  required  to 
kill. 

6.  Fresh  brain,  lung,  and  liver  tissue,  under  the  condi- 
tions noted,  showed  no  binding  or  neutralizing  affinity  for 
the  poison. 
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7.  Normal  guinea-pig  serum  has  little  if  any  destructive 
action  on  the  cell-poison. 

8.  Intradermic  injections  of  .00005  gram  of  the  poison 
produced  no  local  reactions  in  normal  or  sensitized  pigs. 

9.  Atropine  sulphate  protected  seventy-five  per  cent  of 
the  animals  from  a  synchronous  injection  of  fatal  amounts  of 
poison. 

10.  Morphine  sulphate  aborts  the  acute  symptoms  and 
delays  death,  and  in  two  cases  completely  protected  from 
fatal  intoxication. 

11.  Chloral  hydrate  protected  many  of  the  animals 
against  an  otherwise  fatal  dose  of  the  poison,  and  inhibited 
the  acute  manifestations  and  delayed  death  in  others. 

12.  Lecithin  emulsion  injected  simultaneously  with  the 
poison  seems  to  possess  a  slight  and  irregular  prophylactic 
action.  Incubation  of  the  poison  with  lecithin  emulsion  for 
one  hour  at  37.5®  C.  increases  this  neutralizing  property.  A 
dose  of  one  to  twelve  thousand  of  the  poison  was  not 
affected.  The  preliminary  administration  of  lecithin  pro- 
tected some  of  the  animals,  delayed  death  in  others  and  was 
without  effect  in  the  remainder.  The  results  were  too 
inconstant  to  warrant  definite  conclusions. 

[The  preparation  of  the  cleavage  products  and  some  of  the  initial 
experiments  were  carried  out  in  1910-11  at  the  Saranac  Laboratory  for  the 
Study  of  Tuberculosis.  The  authors  desire  to  express  their  sincere 
appreciation  of  the  generous  courtesy  extended  by  Dr.  £.  L.  Trudeau  and 
of  the  valuable  aid  and  direction  of  Dr.  Edward  R.  Baldwin.  To  Dr. 
Allen  K.  Krause  and  Mr.  Victor  Hugo  are  due  thanks  for  much  helpful 
assistance.  This  part  of  the  work  was  made  possible  through  the 
generosity  of  Mrs.  A.  A.  Anderson  of  New  York  City.  The  major  part 
of  the  animal  expenments  was  done  at  the  Hoagland  Laboratory, 
Brooklyn.] 
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THE    ANTIBODIES     PRODUCED     BY     VARIOUS     CONSTITUENTS 
OF  DOG'S   BILE.* 

Howard  T.  Karsner,  M.D.,  Boston. 

AND 

RiCH^cRD  M.  Pearce,  M.D.,  Philadelphu. 

{J*rom  ike  Laboratory  of  Pathology  (^Phillips  Fund)  Harvard  Medical  School^ 
and  the  John  Herr  Musser  Department  of  Research  Medicine^  University 
of  Pennsylvania^ 

In  a  previous  publication  by  one  of  us^  it  was  shown  that 
the  injection  of  dog's  bile  into  rabbits  produced  a  serum 
which  was  non-hemolytic  but  strongly  agglutinative  for  dog's 
red  corpuscles.  This  fact  has  been  demonstrated  also  by 
RufTer  and  Crendiropoulo^  in  the  case  of  ox  bile  and  ox 
corpuscles.  In  some  of  the  anti-sera  thus  produced  a  mod- 
erate hemolytic  power  has  been  developed,  but  in  all  cases 
the  hemagglutinative  property  of  the  serum  has  been  far 
more  striking.  RufTer  and  Crendiropoulo  explained  the 
phenomenon  by  demonstrating  an  anti-hemolytic  property 
on  the  part  of  the  serum,  using  bile  as  the  hemolysin.  The 
objection  to  the  use  of  bile  as  a  hemolysin  lies  in  the  fact 
that  its  hemolytic  activity  depends  on  the  chemical  action  of 
its  salts  and  is  quite  apart  from  the  immuno-chemical 
properties  of  such  a  hemolysin  as  can  be  found  in  an  immu- 
nized animal,  i,e.,  a  hemolytic  amboceptor  whose  action  must 
be  completed  by  the  presence  of  complement. 

It  has  occurred  to  us  that  it  might  be  profitable  to  learn 
whether  or  not  there  is  some  chemical  fraction  of  bile  which 

*  Read  before  the  American  Association  of  Pathologists  and  Bacteriologists  April 
6  zoxs-     Received  for  publication  April  17, 191a. 
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might  be  responsible  for  the  peculiarity  of  anti-bile  serum, 
1./.,  to  learn  whether  or  not  some  ingredient,  perhaps  some 
product  of  blood  destruction,  leads  to  the  production  of  an 
agglutinin,  an  ingredient  not  present  in  other  body  fluids, 
such  as  urine  and  serum,  which  fluids  although  producing 
agglutinins  also  produce  a  much  more  powerful  hemolysin.' 

It  was  determined,  therefore,  to  fractionate  dog's  bile  and 
determine  in  vitro  the  hemolytic,  anti-hemolytic,  agglutinative 
and  anti-agglutinative  powers  of  the  fractions.  It  was  deter- 
mined also  to  immunize  rabbits  to  the  various  fractions  and 
to  determine  in  the  same  way  the  properties  of  the  immune 
sera  so  produced.  The  study  has  led  into  certain  problems 
of  hemagglutination  which  have  thrown  additional  light  upon 
the  results.  These  are  taken  up  in  the  discussion  which 
follows  the  statement  of  the  results  of  our  experiments. 

We  present,  in  sequence,  the  technic  employed,  the  results 
of  the  experiments,  the  discussion  of  results  with  a  few  addi- 
tional and  explanatory  experiments  and  concluc^e  with  a 
summary  of  the  work. 

TECHNIC. 
A.     The  preparation  of  the  biU  fractions  (in  the  preparation  no  heat  was 
used  except  that  in  making  the  fractions  used  for  immunizing  one 
series  of  rabbits  the  evaporation  of  the  alcohols  was  aided  by 
gentle  heat  over  the  water  bath.    The  immune  sera  prepared  with 
these  fractions  were  quite  as  active  as  those  prepared  with  the 
non-heated  fractions) : 
Fraction  I,  represents  chiefly  bile  mucin  plus  a  small  amount  of  pig- 
ment.   It  is  the  precipitate  thrown  down  by  the  addition  to  one  hundred 
cubic  centimeters  bile,  after  acidifying  with  acetic  add,  of  ten  volumes  of 
ninety-five  per  cent  alcohol.    It  was  collected  on  a  filter  and  made  up  to 
one  hundred  cubic  centimeters  with  .85  per  cent  salt  solution,  complete 
solution  being  aided  by  a  few  drops  of  saturated  sodium  hydrate  solution. 
According  to  Hoppe-Seyler  mucin  equals  3.49  parts  in  one  thousand  of 
dog's  bile. 

Fraction  II.  represents  probably  certain  protein  and  other  organic  con- 
stituents aside  from  mucin ;  possibly  also  some  inorganic  salts  thrown  out 
of  solution  in  the  process.  The  filtrate,  after  the  separation  of  Fraction 
I.,  was  evaporated  to  a  gum  and  one  liter  of  absolute  alcohol  added.  The 
insoluble  portion  was  collected  and  made  up  to  one  hundred  cubic  centi- 
meters with  .85  per  cent  salt  solution.  According  to  Hoppe-Seyler  this 
fraction  is  equal  to  six  parts  in  one  thousand  of  dog's  bile. 
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Fraction  III.  represents  the  bile  salts  (Plattner's  crystallized  bile). 
The  filtrate  after  the  separation  of  Fraction  II.  was  evaporated  to  small 
bulk  and  precipitated  by  the  gradual  addition  of  one  liter  of  ether.  It 
was  collected  and  made  up  to  one  hundred  cubic  centimeters  with  .85  per 
cent  salt  solution.  According  to  Hoppe-Seyler  it  equals  122.8  parts  in 
one  thousand  of  dog^s  bile. 

Fraction  IV.  A  represents  the  iats  and  lipoids.  The  filtrate  after  the 
separation  of  Fraction  III.  was  evaporated  to  small  bulk  and  purified  by 
reprecipitation  with  ether  three  times.  It  was  then  evaporated  to  small 
bulk  and  made  up  to  one  hundred  cubic  centimeters  with  .85  per  cent  salt 
solution.  According  to  Hoppe-Seyler  this  fraction  equals:  £eits,  15. 11 
parts;  soaps,  16.03  P^rts ;  lecithin,  18. 11  parts,  and  cholesterin,  2.97  parts 
per  one  thousand  of  dog's  bile. 

Fraction  IV,  B.  —  In  the  preparation  of  Fraction  IV.  A,  a  thick,  oily 
or  gummy  substance  was  noticed  settling  out  of  the  ether  solution.  This 
was  separated  and  found  to  be  insoluble  in  ether,  but  soluble  in  alcohol 
and  water.  Its  exact  comix>sition  is  not  known,  although  it  appears  to  be 
made  up  chiefly  of  soaps.  Prepared  from  one  hundred  cubic  centimeters 
bile,  two  hundred  cubic  centimeters  salt  solution  were  used  to  dissolve  it. 

B,    The  immunigation  of  the  rabbits : 

All  injections  were  made  at  five-day  intervals  except  in  the  case  of  the 
animals  immunized  to  whole  bile ;  in  the  latter  animals  an  injection  was 
never  given  until  the  animal  had  recovered  the  weight  lost  following  the 
preceding  injection.  The  first  injection  was  of  three  cubic  centimeters 
whole  bile  subcutaneously,  the  second  of  four  cubic  centimeters  subcu- 
taneously,  and  the  succeeding  three  of  five  cubic  centimeters  intraperi- 
toneally,  each  dose  being  diluted  with  fifty  cubic  centimeters  .85  per  cent 
salt  solution.  The  fractions  were  given  in  the  same  amounts  and  in  the 
same  way,  except  that  they  were  not  further  diluted  with  salt  solution. 
The  animals  were  bled  from  the  femoral  artery  one  week  after  the  last 
injection. 

C     The  titration  of  antigens  and  immune  sera  : 

By  titration  is  meant  the  determination  of  the  hemolytic,  agglutinative, 
anti-hemolytic,  and  anti-agglutinative  properties  of  the  sera  and  their 
antigens. 

Hemolysis  and  agglutination  were  determined  in  the  same  test-tubes. 
For  each  antigen  or  anti-serum  four  rows  of  tubes  were  used,  one  for  the 
determination  with  washed  blood,  the  next  for  the  determination  with 
washed  blood  plus  .  i  cubic  centimeter  guinea-pig  complement,  the  third 
with  washed  blood  plus  .1  cubic  centimeter  dog  complement.  In  the 
fourth  the  action  of  the  agent  on  unwashed  dog's  blood  was  determined. 
Into  one  tube  of  each  series  was  placed  .5  cubic  centimeter  of  the  agent 
under  investigation  (antigen  or  anti-serum),  into  the  next  .5  cubic  centi- 
meter of  a  1/2  dilution,  into  the  third  .5  cubic  centimeter  1/4  dilution, 
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into  the  next  .5  cubic  centimeter  1/8  dilution,  and  so  on  up  to  1/256.  To 
each  tube  was  added  .5  cubic  centimeter  ten  per  cent  suspension  of  dog's 
blood,  in  three  rows  washed,  and  in  the  fourth  unwashed.  This  made 
the  original  dilutions  of  serum  range  between  1/2  up  to  1/5 12  because  of 
doubling  the  volume  in  the  tubes.  Each  tube  of  the  second  row  received 
.1  cubic  centimeter  fresh  guinea-pig  serum  and  each  of  the  third  row  .1 
cubic  centimeter  fresh  dog  serum.  The  tubes  were  kept  at  room  tempera- 
ture and  readings  made  at  one-half,  one,  two,  and  four  hours  for  the  deter- 
mination of  both  agglutination  and  hemolysis. 

For  the  determination  of  anti-hemolytic  properties,  the  serum  of  a 
rabbit  immunized  to  whole  dog's  blood  was  employed  as  a  hemolysin. 
Guinea-pig  complement  was  used  throughout.  The  agents  to  be  tested 
were  diluted  as  in  the  preceding  series  and  placed  in  two  rows  of  tubes  in 
amounts  of  .5  cubic  centimeter.  To  each  tube  of  the  first  row  was  placed 
.5  cubic  centimeter  of  a  mixture  of  washed  dog's  blood,  one  dose  of 
guinea-pig  complement,  and  two  doses  of  hemolysin.  In  the  second  row 
was  placed  the  same  mixture  except  that  there  was  only  one  dose  of 
hemolysin.  The  variation  in  dose  of  hemolysin  was  arranged  in  this 
fashion  so  as  to  determine  whether  any  anti-hemolytic  action  that  might 
be  present  was  weak  or  strong.  If  it  appeared  in  the  first  row,  it  must  be 
fairly  strong  to  oppose  the  double  dose  of  hemolysin,  if  in  the  second  row. 
it  would  be  correspondingly  weaker.  In  this  series  the  hemolysin  was 
titrated  in  the  incubator  at  zT*  C.  for  one  hour  and  the  tests  for  anti- 
hemolysin  performed  under  the  same  conditions. 

In  order  to  determine  the  presence  of  anti-agglutinins  the  same  immune 
serum  as  in  the  preceding  series  was  used  as  an  agglutinin.  The  same 
system  of  dilutions  was  employed  and  .5  cubic  centimeter  placed  in  each 
of  two  rows  of  tubes.  In  one  row  was  placed  .5  cubic  centimeter  of  a 
mixture  of  washed  dog's  blood  and  one  minimal  dose  of  agglutinin,  in  the 
other  row  the  same  with  a  double  dose  of  agglutinin.  The  tests  were 
performed  at  room  temperature  and  readings  made  every  one-half,  one, 
two,  and  four  hours. 

As  an  example  of  the  technic  employed  we  append  a  complete  protocol 
of  Fraction  I.  and  its  immune  serum  (see  Charts  I.  and  II.). 

RESULTS  OF  TESTS. 
Fraction  I.  —  This  fraction  showed  no  hemolytic  or  agglu- 
tinating action  on  washed  blood,  washed  blood  with  dog  and 
guinea-pig  complement  or  on  unwashed  blood.  It  had  a 
moderate  anti-hemolytic  action,  in  dilutions  as  high  as  one- 
sixty-fourth  hindering  the  hemolytic  action  of  one  dose  of 
hemolysin,  and  in  dilutions  of  one-sixteenth  hindering  the 
action  of  two  doses  of  hemolysin.  It  showed  no  anti-agglu- 
tinating  power  whatever. 
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Of  four  sera  prepared  at  different  times,  two  were  distinctly 
agglutinative,  one  somewhat  less  so,  and  one  not  at  all  so. 
All  four  were  very  slightly  hemolytic  except  in  the  presence 
of  guinea-pig  complement,  under  which  conditions  hemolysis 
appeared  in  dilutions  of  one-eighth  at  the  end  of  one-half 
hour,  at  room  temperature,  and  one-sixteenth  at  the  end  of 
one  hour.  Of  the  four  sera,  two  were  tested  for  anti-hemo- 
lytic  power  and  one  showed  distinct  limitation  of  hemolysis 
with  both  a  single  and  double  dose  of  hemolysin.  Where 
anti-hemolytic  power  was  seen,  agglutination  was  prominent. 
This  serum  favored  rather  than  hindered  agglutination.  The 
second  scrum  showed  the  same  properties  to  a  somewhat 
limited  degree. 

Fraction  II.  —  This  fraction  showed  neither  hemolytic  nor 
hemagglutinative  properties.  It  very  slightly  hindered  the 
action  of  one  dose  of  hemolysin  in  as  high  a  dilution  as 
1/5 12  and  hindered  a  double  dose  of  hemolysin  in  a  dose  of 
one-half.  It  also  showed  a  very  slight  anti-agglutinating 
power  in  dilutions  of  one-half  and  one-fourth. 

Three  immune  sera  produced  by  this  fraction  were  studied. 
Of  these  one  was  inactive  as  a  hemolytic  or  agglutinative 
agent,  and  one  showed  very  modcrative  agglutinative  power, 
—  dilutions  of  one-fourth  with  dog  and  guinea-pig  comple- 
ment. This  latter  serum  as  well  as  the  third  serum  showed 
slight  hemolytic  power  only  in  the  presence  of  guinea-pig 
complement.  Two  of  these  sera  were  studied  for  anti- 
agglutinative  and  anti-hemolytic  properties ;  the  less  active 
agglutinator  showing  a  slightly  higher  anti-hemolytic  power, 
present  against  one  dose  of  amboceptor  in  dilutions  of  one- 
eighth.  In  these  tubes,  however,  there  was  considerable 
agglutination.  These  sera  favored  rather  than  hindered 
agglutination. 

Fraction  III.  —  This  fraction  was  distinctly  hemolytic,  but 
not  at  all  agglutinative.  The  hemolytic  power  was  evident 
in  dilutions  of  one-sixteenth  at  the  end  of  one-half  hour  and 
in  dilutions  of  one-thirty-second  at  the  end  of  one  hour. 
Dog  complement  and  guinea-pig  complement  did  not  influ- 
ence it.     In  low  dilutions  (1/16)  it  favored  hemolysis  by  the 
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specific  serum,  but  in  higher  dilutions  (1/32  to  1/128)  it 
hindered  the  action  of  two  doses  of  hemolysin  and  in  still 
higher  dilutions  (1/32  to  1/512)  hindered  the  action  of  one 
dose  of  hemolysin.  It  did  not  hinder  agglutination  except 
in  so  far  as  it  was  hemolytic. 

Two  immune  sera  were  studied,  both  of  which  showed 
slight  agglutinative  activity,  one  in  dilutions  of  one-half,  the 
other  in  dilutions  of  one-fourth.  Neither  serum  showed 
hemolytic  activity.  One  of  the  sera  was  tested  for  anti- 
hemolytic  activity  and  produced  slight  interference  with  the 
action  of  one  dose  of  hemolysin  in  dilutions  as  high  as  1/512. 
It  did  not  interfere  with  two  doses  of  hemolysin  in  any 
dilution.     This  serum  showed  no  anti-agglutinative  action. 

Fraction  IV.  A.  —  In  low  dilutions  (1/2,  1/4)  this  frac- 
tion colored  the  blood  suspensions  a  dark  brown  and  pro- 
duced a  yellowish  brown  precipitate  in  the  bottom  of  the 
tubes.  In  higher  dilutions  a  less  marked  discoloration 
appeared  and  hemolysis  was  noted  after  from  one  to  two 
hours.  The  precipitation  probably  is  due  to  the  soap  con- 
tent of  this  fraction,  inasmuch  as  it  closely  resembles  the 
action  of  saponin  and  of  sodium  oleate.  The  same  precipi- 
tation prevented  hemolysis  in  the  series  of  experiments  for 
the  determination  of  anti-hemolytic  activity,  but  in  dilutions 
above  one-eighth  where  no  precipitation  occurred,  hemolysis 
was  unhampered.  There  was  no  interference  with  agglutina- 
tion except  by  the  same  process  of  precipitation  in  low 
dilutions. 

Two  immune  sera  were  prepared,  neither  of  which  was 
hemolytic,  agglutinative,  anti-hemolytic  or  anti-agglutinative. 

Fraction  IV.  B.  —  This  showed  slight  hemolytic  action, 
producing  partial  hemolysis  in  dilutions  of  one-half  and 
one-fourth.  It  showed  no  agglutinative  action  whatever. 
It  was  neither  anti-hemolytic  nor  anti-agglutinative. 

Two  immune  sera  were  prepared  which  were  not  aggluti- 
native, hemolytic,  anti-hemolytic  or  anti-agglutinative. 

Whole  bile  showed  hemolytic  activity  in  dilutions  as  high 
as  one-thirty-second.  There  was  no  agglutination.  It  hin- 
dered hemolysis  by  one  dose  of  hemolysin  in  dilutions  of  1/8 
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to  1/512  and  by  two  doses  of  hemolysin  in  dilutions  of  1/8 
to  1/256.  The  lower  dilutions  (1/2,  1/4)  showed  hemolysis 
by  the  bile  itself.  It  was  anti-agglutinative  only  in  so  far  as 
the  addition  of  bile  in  low  dilutions  produced  hemolysis. 

Three  immune  sera  were  studied,  all  of  which  were  both 
agglutinative  and  hemolytic,  but  showed  agglutination  in 
higher  dilutions  than  those  in  which  hemolysis  appeared. 
With  all  three  sera  hemolysis  was  greater  in  the  presence  of 
guinea-pig  complement  than  under  other  conditions.  It  was 
somewhat  less  marked  when  no  complement  was  used,  next 
in  the  presence  of  a  large  dose  of  dog  complement,  and  least 
marked  when  used  with  unwashed  dog's  blood.  Agglutina- 
tion was  most  marked  in  the  presence  of  a  large  dose  of  dog 
complement  and  with  unwashed  dog  blood  and  appeared  to 
the  same  degree  in  both  series.  It  will  be  noted,  however, 
that  whereas  agglutination  was  the  same  in  both,  hemolysis 
was  more  marked  with  the  larger  dose  of  dog  complement. 
It  was  possible  to  test  only  one  serum  for  anti-hemolytic  and 
anti-agglutinative  power,  neither  being  demonstrated. 

In  the  earlier  experiments  of  Pearce,^  dilutions  of  one- 
tenth  and  one-twentieth  were  used  to  determine  the  activity 
of  the  serum  on  unwashed  fresh  dog  blood,  thus  approxi- 
mating conditions  in  vivo.  No  complement  was  added.  In 
the  present  series,  however,  stronger  dilutions  were  employed 
and  it  was  found  that  the  dilutions  one-half,  one-fourth,  one- 
eighth  showed  hemolysis.  This  accounts  for  the  slight 
variation  from  the  earlier  conclusions. 

Controls.  —  A  considerable  number  of  normal  rabbit  sera 
were  used  as  controls.  Occasionally  a  serum  was  found 
which  was  slightly  agglutinative  in  dilutions  of  one-half  and 
one-fourth  and  in  such  a  serum  traces  of  hemolysis  appeared 
in  the  same  dilutions.  At  no  time  did  any  normal  serum 
show  anti-agglutinative  or  anti-hemolytic  activity. 

DISCUSSION   OF  RESULTS. 
In   order   to   facilitate   comparison   and   to   simplify   the 
results   of  the  tests,  a  chart  is  appended  (see  Chart  III.) 
which   tabulates   a  summary  of  the  various  immunological 
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properties  shown  by  the  fractions  and  by  their  corresponding 
immune  sera.  It  must  be  understood,  however,  that  this 
chart  represents  what  are  considered  to  be  type  reactions  and 
that  the  reader  should  refer  to  the  "  Results  of  Tests "  in 
order  to  examine  the  results  in  detail. 

It  can  readily  be  seen  that  the  fractions  most  active  in  the 
production  of  immune  sera  were  Fractions  I.  and  II.  These 
fractions  contain  practically  the  entire  protein  constituents 
of  bile  and,  since  the  production  of  demonstrable  immunity 
depends  almost  exclusively  on  the  introduction  into  the 
organism  of  protein  bodies,  the  result  obtained  corresponds 
with  what  might  have  been  predicted.  Of  these  two  frac- 
tions, however,  Fraction  I.,  made  up  chiefly  of  mucin,  pro- 
duced the  immune  serum  most  strikingly  similar  to  an 
anti-bile  serum  in  that  it  showed  slight  hemolytic  and  well- 
marked  hemagglutinative  properties  as  well  as  a  well  defined 
anti-hemolytic  power.  A  comparison  of  two  such  sera  with 
two  sera  produced  by  the  injection  of  whole  bile  shows  the 
serum  produced  by  Fraction  I.  to  be  quite  as  active  an 
agglutinator  as  that  produced  by  injecting  whole  bile ;  the 
hemolytic  action  of  the  former,  however,  is  even  less  than 
that  of  the  latter.  As  contrasted  with  the  serum  produced 
by  Fraction  I.,  that  produced  by  Fraction  11.  showed  no 
such  special  properties.  It  was  moderately  hemolytic  and 
only  slightly  agglutinative,  properties  which  usually  appear 
after  the  injection  of  other  body  fluids  such  as  urine  and 
blood  serum.^**  Its  agglutinative  power  was  not  greater 
than  occasionally  appears  in  normal  rabbit  serum.  The 
greater  activity  of  the  immune  sera  of  Fraction  I.  as  con- 
trasted with  that  of  Fraction  II.  is  not  the  result  of  greater 
protein  content  of  Fraction  I.  because,  according  to  Hoppe- 
Seyler,  the  protein  content  of  Fraction  II.  is  a  third  again  as 
much  as  that  of  Fraction  I.  The  high  agglutinative  activity 
of  the  immune  sera  of  Fraction  I.  must  be  looked  upon  as  a 
special  character  of  sera  prepared  by  the  injection  of  this 
fraction.  It  is  of  interest  to  know  that  among  about  thirty 
normal  guinea-pig  sera  used  at  various  times  for  complement 
in  the  series  of  tests,  one  showed  well-marked  agglutinative 
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action  on  dog's  corpuscles;  indeed,  one  entire  day's  work 
had  to  be  ruled  out  because  of  this  fact.  It  was  found  that, 
although  inactive  in  other  respects,  the  immune  sera  pro- 
duced by  Fraction  III.  showed  slight  agglutinative  power; 
but  again  this  cannot  be  considered  an  artificially  induced 
property  of  these  sera  because  it  does  not  exceed  that  of 
some  normal  sera.  It  is  quite  apparent  that  Fractions  IV.  A 
and  IV.  B.  produced  no  active  immune  sera.  The  results 
with  the  immune  sera  of  Fractions  III.,  IV.  A,  and  IV.  B 
are  quite  consistent  with  the  findings  of  immunologists  gen- 
erally, that  the  injection  of  salts,  fats,  lipoids,  and  soaps  does 
not  produce  immune  sera.  It  would  seem  fair  to  conclude, 
therefore,  that  the  most  important  special  properties  of 
immune  sera  prepared  by  the  injection  of  dog's  bile  depend 
rather  upon  the  mucin  and  other  protein  content  of  that 
fraction  described  in  this  paper  as  Fraction  I.  than  upon  any 
other  constituent  of  whole  bile.  The  immune  serum  of 
Fraction  I.  also  exhibited  well-marked  anti-hemolytic  power 
(see  Chart  II.  D),  but  it  was  noted  at  the  time  that  all  the 
tubes  in  which  this  was  evident  showed  considerable  aggluti- 
nation. In  spite  of  this  it  was  thought  that  the  anti-hemo- 
lytic power  might  depend  upon  an  anti-complementary 
property  of  the  immune  serum.  This  was  tested  for  with  a 
sheep  system,  as  shown  in  Chart  IV.,  but  could  not  be 
definitely  demonstrated  when  the  final  readings  were  made. 
The  complements  and  sera  were  so  carefully  titrated  that 
only  the  end  result  can  be  accepted,  yet  it  must  be  stated 
that  hemolysis  with  the  single  dose  of  dog  complement  pro- 
ceeded somewhat  more  slowly  than  the  control.  This  could 
be  interpreted  as  indicating  a  very  slight  anti-complementary 
property  on  the  part  of  this  particular  serum.  Such  a 
property  could  not  be  ascribed  to  the  age  of  the  serum 
because  the  tests  were  applied  within  a  week  of  the  time  of 
withdrawal,  the  sera  being  very  effectively  refrigerated  in  the 
meantime.  That  it  is  sufficient  to  cause  the  result  shown  in 
Chart  II.  D,  however,  is  hardly  to  be  considered,  this  being 
especially  so  when  the  fact  is  remembered  that  guinea-pig 
complement  was  used  for  the  series  reported  in  Chart  II.  D. 
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The  well  marked  agglutinating  power  of  the  immune  serum 
of  Fraction  I.  made  it  impossible  to  determine  whether  or 
not  there  was  some  special  property  capable  of  acting  on 
the  dog  amboceptor  or  dog  corpuscles  to  hinder  hemolysis. 
There  was  left  therefore  only  the  possibility  that  the  rapid 
agglutination  of  the  corpuscles  hindered  their  solution.  The 
only  argument  against  this  is  the  fact  that  at  the  same  time 
agglutination  is  taking  place,  sensitization  with  the  specific 
amboceptor  also  is  occurring  and  ultimately  this  should  lead 
to  more  ready  solution  of  the  corpuscles.  To  put  the 
matter  to  the  test  the  following  experiment  was  instituted,  as 
protocoUed  in  Chart  V.  Two  rows  of  test-tubes  were  used ; 
into  both  rows  were  placed  .5  cubic  centimeter  five  per 
cent  suspension  of  washed  dog's  blood ;  into  one  row  was 
placed  in  addition  .5  cubic  centimeter  of  dilutions  of  specific 
anti-dog  corpuscle  immune  serum  in  the  proportions  indi- 
cated. All  the  tubes  and  the  remaining  immune  serum  to 
be  added  later  to  the  second  row  were  incubated  one-half 
hour,  at  the  end  of  which  time  the  row  containing  immune 
serum  showed  well  marked  agglutination  throughout,  less 
marked,  however,  in  the  high  than  in  the  low  dilutions. 
Amounts  of  immune  serum  equivalent  to  those  placed  in 
the  first  row  were  added  to  the  second  row  of  unagglutinated 
corpuscles,  and  .1  cubic  centimeter  fresh  guinea-pig  com- 
plement added  to  all  the  tubes.  These  were  then  incubated 
for  one  hour,  readings  being  taken  at  one-fourth,  one-half, 
and  one  hour;  the  tubes  stood  at  room  temperature  for 
seventeen  hours  additional  and  a  final  reading  was  made. 
The  results  show  that  agglutination  by  a  specific  serum,  in 
spite  of  the  fact  that  sensitization  of  the  corpuscles  occurs 
simultaneously,  very  distinctly  hinders  hemolysis;  and  that 
the  more  marked  the  agglutination,  as  seen  in  low  dilutions, 
the  more  noticeable  is  the  hindrance  to  hemolysis.  We  do 
not  wish  to  imply  that  this  explanation  is  the  only  one  to  be 
offered  for  the  anti-hemolytic  action  of  the  immune  serum 
of  Fraction  I.,  but  there  can  be  no  doubt  that  it  plays  an 
important  part  in  the  phenomenon. 

In   comparing   the   results   obtained   by   the   use  of  the 
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immune  sera  with  those  obtained  by  the  use  of  the  fractions 
themselves  no  other  conclusion  can  be  drawn  than  that  no 
definite  relation  is  to  be  demonstrated.  It  might  seem  that 
the  fact  that  Fraction  III.  is  hemolytic  explains  the  fact  that 
its  immune  serum  is  not  hemolytic,  but  in  order  to  be  con- 
vinced that  there  is  any  relation  between  the  two  facts  we 
should  be  able  to  demonstrate  an  anti-hemolytic  property  in 
the  serum.  This  could  not  be  done.  Furthermore,  the 
dependence  of  the  hemolysis  on  the  toxic  salt  content*  and 
concentration  of  this  fraction  removes  the  ground  for  the 
belief  that  its  immune  serum  should  be  anti-hemolytic. 

That  this  does  not  completely  settle  the  matter  is  shown 
by  a  critical  examination  of  Chart  II.,  where  it  will  be  seen 
that,  under  the  various  conditions  imposed,  the  immune 
serum  behaved  differently.  Thus  the  most  marked  hemoly- 
sis appeared  in  the  presence  of  guinea-pig  complement,  next 
most  markedly  with  unwashed  dog's  blood,  next  with  a  fairly 
large  amount  of  dog  complement  and  least  with  that  propor- 
tion of  dog  complement  found  in  unwashed  blood.  ♦There 
is  but  one  explanation  for  this  and  that  is  to  conclude  that 
dog  serum  in  proper  doses  has  some  intrinsic  anti-hemolytic 
power  in  the  presence  of  its  specific  immune  serum.  That 
this  is  not  limited  to  an  immune  serum  prepared  by  the 
injection  of  bile  is  shown  by  the  fact  that  the  same  relative 
findings  were  demonstrated  with  the  use  of  an  immune  serum 
prepared  by  the  injection  of  dog  blood.  In  both  cases  this 
property  resides  in  some  agent  which  is  destroyed  by  heating 
the  dog  serum  to  56°  C.  for  one-half  hour.  It  appears  to 
reach  its  maximum  in  doses  of  dog  serum  approximating 
the  proportions  found  in  unwashed  dog's  blood,  because  it 
is  less  marked  as  larger  amounts  of  fresh  homologous  dog 
serum  are  added.  The  latter  phenomenon  may  depend  to  a 
certain  extent  upon  the  well-known  fragility  of  dog  erythro- 
cytes. In  experiments  with  hypotonic  salt  solutions  we 
have  found  hemolysis  to  be  complete  in  .35  per  cent  NaCl 
solution  and  partial  as  high  as  .60  per  cent  NaCI  solution. 
No  experiments  have  been  tried  with  smaller  amounts  of 
dog  serum  than  are  found  in  unwashed  dog  blood ;  nor  is 
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this  property  confined  to  dog  blood,  for  Muir  and  Browning/ 
working  with  the  effect  of  an  ox  serum  on  its  homologous 
hemolytic  system,  have  attained  somewhat  similar  results, 
dependent,  they  think,  on  an  agglutinative  property  of  fresh 
ox  serum  under  the  conditions  of  the  experiment.  We  have 
been  unable  to  confirm  Muir  and  Browning's  results  in  the 
latter  respect,  although  applying  their  technic  in  detail  to 
the  sera  at  our  command.  Indeed,  our  results  would  indicate 
that  the  fresh  dog  serum  in  proper  doses  exercises  a  slight 
anti-agglutinative  as  well  as  anti-hemolytic  power.  For 
evidence  of  this,  note  the  fact  that  in  Chart  II.  B  agglutina- 
tion is  less  marked  with  unwashed  dog  blood  than  in  the 
presence  of  greater  amounts  of  dog  complement.  Further, 
the  use  of  dog  complement  does  not  produce  agglutination 
sooner  or  in  higher  dilutions  than  with  the  employment  of 
guinea-pig  complement,  as  should  be  the  case  were  we  to 
assign  a  specific  pro-agglutinative  action  to  fresh  dog  serum. 
Hence,  although  the  anti-hemolytic  property  of  the  immune 
serum  of  Fraction  II.  may  be  and  almost  certainly  is  due  to 
its  agglutinating  power,  the  anti-hemolytic  power  of  dog 
serum  is  something  more  specific.  The  exact  degree  of 
specificity  cannot  be  taken  up  at  the  present  time. 
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ANTIBODIES   PRODUCED   BY   DOG'S   BILE.  37 1 

CONCLUSIONS. 

1.  Immune  sera,  prepared  by  the  repeated  injection  of 
whole  dog  bile  into  rabbits,  display  moderate  or  slight 
hemolytic  property  and  well  marked  agglutinative  action  on 
dog  erythrocytes.  Immune  sera,  prepared  by  the  repeated 
injection  into  rabbits  of  the  various  dog  bile  fractions  indi- 
cated in  this  communication,  have  variable  properties,  the 
most  important  of  which  follow:  The  sera  of  Fraction  I. 
(chiefly  mucin)  are  strongly  hemagglutinative  and  but 
slightly  hemolytic;  the  sera  of  Fraction  II.  (remaining  pro- 
teins) are  slightly  hemolytic  and  not  more  hemagglutinative 
than  occasional  normal  rabbit  sera ;  the  sera  of  Fraction  III. 
(bile  salts)  arc  not  hemolytic  and  not  more  agglutinative 
than  occasional  normal  sera;  the  sera  of  Fractions  IV.  A 
and  IV.  B  (fats,  soaps  and  lipoids)  are  neither  hemolytic 
nor  hemagglutinative. 

2.  The  greater  prominence  of  the  hemagglutinative 
action  of  sera  prepared  by  repeated  injection  of  whole  dog 
bile  depends  upon  several  factors :  (a)  The  constituents  of 
the  bile  precipitated  by  acidifying  and  the  addition  of  a  large 
bulk  of  ninety-five  per  cent  alcohol  (spoken  of  as  Fraction  I. 
and  containing  principally  mucin)  produce,  after  repeated 
injection  into  rabbits,  a  relatively  strong  hemagglutinative 
immune  serum,  (b)  The  same  serum  is  only  slightly,  or 
not  at  all,  hemolytic  because  it  possesses  certain  anti- 
hemolytic  powers,  in  large  part,  if  not  wholly,  dependent 
upon  its  agglutinative  properties,  certainly  not  dependent 
on  any  clearly  demonstrable  anti-complementary  activity. 
(c)  Immune  sera  specific  for  dog  blood,  and  activated  by 
dog  complement,  are  limited  in  their  hemolytic  action  by 
the  fact  that,  in  certain  proportions,  dog  serum  is  anti- 
hemolytic  for  its  specific  immune  serum. 
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A  COMPARATIVE   STUDY   OF  ANTIBODIES.* 

John  A.  Kolmer,  M.D. 
(^Professor  of  Pathology,  PhikuUlphia  Polyclinic;   Instructor  of  Experimental 
Pathology^  University  of  Pennsylvania  ;  Pathologist,  Philadelphia  Hospital 
for  Contagious  Diseases.) 

{From  the  Laboratory  of  Experimental  Pathology,  University  of  Pennsylvania,) 

In  any  given  immune  serum  several  different  antibodies 
may  be  found.  Usually  a  particular  one  predominates  and 
different  antigens  stimulate  the  production  of  different  anti- 
bodies. However,  a  single  antigen  frequently  produces 
several  different  antibodies  which  may  be  sharply  differ- 
entiated from  one  another. 

In  the  minds  of  not  a  few  persons  the  various  antibodies 
are  poorly  differentiated  and  their  properties  not  well  under- 
stood. They  are  frequently  regarded  as  purely  protective 
or  curative  substances  and  closely  allied  one  to  the  other. 

A  few  of  the  immune  bodies  are  distinctly  curative  or 
prophylactic  because  they  neutralize  the  effects  of  the  anti- 
gens or  actually  destroy  them.  Such  are  diphtheria  and 
tetanus  antitoxin  and  a  few  of  the  bacteriolytic  sera,  as  anti- 
meningococcus  serum.  These  are  true  antibodies  in  a  strict 
sense  of  the  term.  Others,  notably  the  agglutinins,  are 
probably  not  curative  or  prophylactic  or,  in  other  words,  not 
directly  opposed  to  the  antigens,  and  to  these  the  term 
"  immune  body"  is  better  adopted.  Antibodies  of  the 
latter  type  may  represent  reactive  substances  on  the  part  of 
the  body  cells  and  bear  but  an  indirect  relation  to  the  anti- 
gen. Thus  in  different  diphtheria  immune  sera,  which  are 
typical  examples  of  the  simplest  of  receptors  of  the  first 
order,  may  be  found  opsonins  and  a  complement  fixing 
body.  The  serum  is  not  hemolytic  or  bacteriolytic,  yet 
there  is  present  a  body  intimately  associated  with  comple- 
ment and  therefore  resembling  a  receptor  of  the  third  order. 

The   various    antibodies  are  best   classified,  studied,  and 

*  Read  before  the  Association  of  American  Pathologists  and  Bacteriologists,  April 
4-^,  1913.    Received  for  publication  April  24,  1912. 
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understood  according  to  Ehrlich's  theory  of  their  produc- 
tion.    Any  substance  capable  of  union  with  the  protoplasm 
of  cells  may  stimulate  the  production  of  a   corresponding 
antibody.      The    antibodies    are   divided    into   three   main 
groups   according   to   the   structure   of  the   receptors   and 
depending  somewhat  upon  the  physical  state  and  structure 
of  the  invading  substance  or  antigen.     Thus  a  soluble  anti- 
gen, as  diphtheria  toxin,  produces  the  simplest  receptor  — 
one  composed  of  a  single  haptophore  group  for  direct  union 
with  the  toxin  and  without  a  second  or  zymophore  group. 
The  cell  can  also  dispose  of  the  anchored  toxin  molecule 
without  the   aid  of  a   secondary   ferment   or   complement. 
These  are  receptors  of  the  first  order  and  it  was  upon  these 
that  Ehrlich  first  based  the  principles  of  his  theory.     Later 
other  antibodies  were  found  of  a  more  complex  nature  and 
by  degrees  the  theory  was  developed  to  explain  the  nature 
and  structure  of  the  new  substances.     If  the  invading  sub- 
stance or  antigen  is  an  organized  body,  as  a  blood  corpuscle 
or  an  organism,  the  cell  may  need  more  assistance  in  dis- 
posing  of  them   and    accordingly   these   receptors   of   the 
second  order  have  in  addition  to  the  usual  haptophore  group 
a  second  more  specific  zymophore  group.     The  agglutinins 
and  precipitins  are  classified  as  receptors  of  this  order,  the 
zymophilic  group  agglutinating  or  precipitating  the  anchored 
molecule   to   bacterial  cell  for   assimilation   or  destruction. 
The   opsonins   are  more  difficult  to   classify   but   probably 
belong  to  this  class,  the  zymophore  or  opsoniferous  group 
lowering  the  resistance  of  the  invading  microorganism  or  in 
some   manner   preparing   it   for  destruction  mainly  by  the 
leucocytes   of  the  blood.     Receptors  of  this  order  do  not 
require  the  aid  of  a  ferment  or  complement.     For  the  man- 
agement and  assimilation  of  still  more  complex  bodies  the 
cell  requires  the  aid  of  a  special  ferment.     Accordingly  we 
find  receptors  provided  with  the  usual  haptophore  group  for 
anchorage   to   the  cell  and  a  second  haptophore  group  to 
anchor  the  ferment  or  complement.     The  complement  really 
represents  the  tpxophore  group  of  a  second  degree  receptor, 
only  it  differs  in  one  particular  in  being  separate  from  the 
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receptor  until  bound  by  the  special  haptophore  or  comple- 
mentophile  group.  According  to  Ehrlich  there  are  present 
in  sera  many  different  complements,  which  view  is  directly 
opposed  to  that  of  Bordet  and  Buchner,  who  believe  in  the 
unity  of  complement.  The  special  name  of  "  amboceptor  *' 
has  been  applied  to  receptors  of  the  third  order  with  the 
belief  that  they  act  simply  as  interbodies  between  cell  and 
complement  and  are  not  **  sensitizers  "  as  believed  by  Bor- 
det. Hence  the  function  of  the  complements  is  especially 
important.  If  bactericidal  amboceptor  supplied  to  cells  is 
capable  of  combining  with  hemolytic  complements  then 
there  may  be  established  a  direct  relation  between  the  degree 
of  complement  fixation  and  bactericidal  activity  of  the 
scrum.  This  is  still  a  matter  of  dispute  and  the  present 
study  bears  upon  this  subject.  To  this  group  of  receptors 
belong  the  lysins :  hemo-,  bacterio-,  cyto-  lysins. 

In  normal  serum  different  kinds  of  amboceptors  may  be 
found,  although  after  immunization  the  amboceptors  differ 
greatly  from  those  normally  found  in  their  cytophile  and 
complementophile  groups.  In  immune  serum  as  in  normal 
scrum  the  various  antitoxic,  antifermentative,  precipitating, 
agglutinating,  hemolytic,  and  bacteriolytic  powers  are  found 
to  be  due  to  independent  and  distinct  substances.  While 
the  properties  of  these  individual  bodies  are  fairly  well  known, 
their  relation  to  each  other  in  any  given  immune  serum 
requires  further  study.  Having  on  hand  a  number  of  fresh 
immune  sera,  such  a  study  was  undertaken  with  particular 
attention  to  the  relation  between  complements  and  the 
various  immune  bodies  present. 

Working  with  streptococcus  immune  sera  I  found,  with 
others,  that  it  was  possible  to  a  certain  degree  to  differentiate 
among  various  strains  by  complement-fixation  tests  with 
homologous  antigens.  Having  found  experimentally  that 
there  is  present  in  diphtheria  immune  serum  a  substance 
which  will  fix  complement  with  antigens  of  diphtheria  bacilli 
I  endeavored  to  ascertain  if  these  complement-fixing  bodies 
were  specific  for  the  particular  culture  used  in  their  produc- 
tion.    The  results  of  this  study  are  given  under  a  separate 


Digitized  by  CjOOQIC 


376  KOLMER. 

communication,  but  as  a  summary  of  the  work  it  may  be 
stated  here  that  no  specific  relation  was  demonstrable.  It 
was  proved,  however,  that  there  is  present  in  diphtheria 
immune  serum  a  complement-binding  body  specific  with 
diphtheria  antigens.  Eight  different  cultures  were  emploj'ed, 
including  virulent  and  non-virulent  diphtheria  bacilli  and 
a  typical  Hofmann's  bacillus.  Arguing  from  the  behavior  of 
the  streptococcus  immune  serum,  we  thought  that  since 
differentiation  among  the  various  cultures  was  not  shown 
this  result  may  be  considered  additional  evidence  of  the  fact 
that  Hofmann's  bacillus  belongs  strictly  to  the  diphtheria 
group,  but  as  a  result  of  varied  and  unfavorable  circumstances 
has  become  so  changed  in  its  chemical  and  morphological 
structure  as  to  give  it  more  or  less  stable  characteristics. 
As  would  be  expected,  between  this  well-marked  example 
of  **  mutation "  and  the  true  diphtheria  bacillus  may  be 
found  strains  in  partial  '^  mutation,"  and  hence  the  large 
group  of  "  pseudo-diphtheria  bacilli." 

From  the  fact  that  diphtheria  antitoxin  is  composed  of 
receptors  of  the  first  order  it  was  not  expected  that  any 
relation  would  be  found  between  the  antitoxic  strength  of 
the  serum  and  complement  fixation  because  the  ferment  is 
unnecessary,  the  cell  being  able  to  manage  the  toxin  without 
secondary  aid.     This  is  fully  shown  in  the  following  results. 

The  purpose  of  this  study  was  mainly  as  follows : 

1.  To  study  the  occurrence  and  degree  of  complement 
fixation  with  diphtheria  immune  sera  and  various  antigens, 
including  antigens  of  diphtheria  bacilli.  Also  to  determine 
if  there  was  any  relation  between  the  occurrence  and  degree 
of  complement  fixation  and  the  protective  substances  in  the 
sera. 

2.  To  study  the  relations  of  the  different  antibodies  in 
various  sera  with  special  attention  to  complement-fixation 
experiments. 
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DIPHTHERIA  IMMUNE  SERUMS. 
I .     Complement-fixation  tests  : 

(a)  Immune  serums :  Samples  of  fresh  serum  were  sent 
me  within  a  few  days  after  bleeding  by  Dr.  A.  P.  Kitchens, 
of  Glenolden,  Pa.,  Dr.  Ranzohoff,  of  New  York  City,  and  by 
the  Dr.  Alexander  Company  of  Marietta,  Pa.  To  these 
gentlemen  I  wish  to  express  my  appreciation  of  their  kind- 
ness in  sending  me  the  serum  and  for  determining  the 
antitoxin  content.  No  preservatives  were  added  and  the 
reactions  were  set  up  the  same  day  the  scrums  were  received, 
the  antigens  being  held  in  readiness.  Serums  Wiere  inacti- 
vated by  heating  to  55®  C.  for  thirty  minutes. 

{d)  Antigens:  These  were  prepared  of  the  following 
eight  cultures.  Sugar  acid  production  and  virulence  tests 
were  conducted  with  each  culture.  The  types  are  recorded 
after  Wesbrook's  classification : 


Table  i. 
Diphtheria  culturn. 


Type  of 
Bacillus. 

Sugar  Tests. 

Inoculation 
Tests. 

i 

3 

"a 

6 

2 

Source  of 
Culture. 

I 

5 

0 

•c 

1 

i 

1 

1 

3 

2 

.S 
1 

0  ® 

X 

bo 

a 

Remarks. 

Clin.  diph. 

Healthy  penis. 

Park's  Bac. 
No.  8. 

Throat  con  val. 
diph. 

Otitis  media. 

Nasal  diph. 

Throat  carrier 
case. 

Normal  nose. 

B.*C. 

c. 

Granular. 
C 

c. 
c. 

Holmann's 
Bac. 

+ 

4- 

+ 
4- 

4- 
4- 

- 

f 

? 

4- 

? 

4- 
? 

4- 

? 

4- 
4- 

- 

7a 
7a 
7» 

7a 

7a 
7a 

7» 

7a 

a6o 
2$a 
274 

390 

300 
a84 
a6o 

»7S 

».3 
M 
1-3 

1.3 

Died. 

Negative. 

Died. 

Negative. 

Negative. 

Died. 

Negative. 

Negative. 
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The  preparation  of  the  antigens  consisted  essentially  in 
growing  the  cultures  upon  blood  serum  media  for  twenty- 
four  hours ;  washing  off  the  growths  with  physiological  salt 
solution  and  centrifugalizing  the  emulsion ;  drying  the  bacilli 
in  a  cold  place  over  calcium  chloride  and  sulphuric  acid; 
grinding  the  bacijli  with  powdered  glass  and  mixing  .5  gram 
of  the  dried  bacilli  with  each  ten  cubic  centimeters  of  .85  per 
cent  NaCl  solution  containing  five  per  cent  of  phenol; 
shaking  the  emulsion  with  glass  beads  for  forty-eight  hours; 
centrifugalizing  thoroughly;  the  supernatant  fluid  was  stored 
away  in  colored  glass  bottles  in  the  refrigerator.  Comple- 
ment, antigen,  and  serum  were  mixed  and  the  total  quantity 
brought  up  to  five  cubic  centimeters  by  the  addition  of  .85 
per  cent  of  salt  solution.  Tubes  were  incubated  at  37^  C. 
for  one  hour  and  then  two  units  of  hemolysin  and  one  cubic 
centimeter  of  the  five  per  cent  suspension  of  corpuscles 
added.  Tubes  were  incubated  for  two  hours  and  then  placed 
in  the  refrigerator  for  twenty-three  hours  when  results  were 
noted. 

The  anticomplementary  and  antigenic  powers  of  the 
various  antigens  were  then  determined  as  follows : 
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Table  2. 
Fixing  and  anticomplementary  power  of  antigens. 


Amount 

of  Ant., 

cc. 

Ant. 
No.  1. 

Ant 
No.  a. 

Ant. 
No.  3. 

Ant. 
No.  4. 

Ant. 
No.s. 

Ant. 
No.  6. 

Ant 
No.  7. 

Ant. 
No.  8. 

^ 

C.H.* 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

.06 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

.06 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

Normal 

.1 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

S.I.H. 

S.I.H. 

S.I.H. 

seram,   < 
.ace. 

.15 

C.H. 

C.H. 

C.H. 

C.H. 

S.I.H. 

M.I.H. 

S.I.H. 

M.I.H. 

.18 

S.I.H. 

S.I.H. 

C.H. 

C.H. 

S.I.H. 

M.I.H. 

M.I.H. 

I.H. 

.9 

M.I.H. 

M.I.H. 

S.I.H. 

S.I.H. 

M.I.H. 

I.H. 

I.H. 

.... 

.3 

I.H. 

M.I.H. 

M.I.H. 

M.I.H. 

I.H. 



.  .  .  . 

.  .  .  . 

.04 

S.I.H. 

M.I.H. 

S.I.H. 

C.H. 

M.I.H. 

M.I.H. 

C.H. 

I.H. 

.06 

S.I.H. 

I.H. 

S.I.H. 

S.I.H. 

I.H. 

I.H. 

C.H. 

I.H. 

.08 

M.I.H. 

.... 

M.I.H. 

S.I.H. 

.... 

.... 

S.I.H. 

.... 

Immone 

.1 

I.H. 

*  •  •  • 

I.H. 

M.I.H. 

.... 

•  .  •  . 

S.I.H. 

.  •  .  • 

•eniin,  < 

•IS 
.18 
.a 
.3 

I.H. 

M.I.H. 

M.I.H. 

I.H. 

*C.H.aComplete  hemolysis ;S.I.H.sSlightinhibiUon of  hemolysU;  M.I.H. 
inhibition  of  hemolysis ;  I.H.  at  Inhibition  of  hemolysis. 


s  Marked 


The  antigen  proved  fairly  satisfactory  and  .08  cubic  centi- 
meter was  determined  as  the  antigenic  unit,  although  with 
Sera  4  and  7  the  degree  of  complement  fixation  was  slight 
but  definite. 
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Fixing  power  of  diphtheria  immune  serum. 
Received  from  Dr.  A.  P.  Hitchens,  of  Glenolden;  horse  No.  1428.    Bleeding  by 
G.  on  Dec.  11,  191 1 ;  serum  received  and  tests  maule  on  Dec  15,  1911.   This 
serum  contained  250  units  of  antitoxin  per  cubic  centimeter. 


Immune 

Amoant 
of  Ant., 

cc. 

Ant. 
No.  I. 

Ant. 
No.  a. 

Ant. 
No.  3. 

Ant. 
No.  4. 

Ant. 
No.  5. 

Ant 
No.  6. 

Ant  '  Ant 
No.  7.  1  No.  8. 

1 

.oa 

.08 

S.I.H. 

S.I.H. 

C.H. 

C.H. 

S.I.H. 

C.H. 

C.H.    S.IJI. 

•<H 

xA 

M.I.H. 

M.I.H. 

C.H. 

C.H. 

M.I.H. 

C.H. 

S.I.H. !  M.I.H. 

j 

Mb 

.oS 

I.H. 

M.I.H. 

SXH. 

C.H. 

I.H. 

C.H. 

S.I.H.  1  M.I.H. 

jA 

.0$ 

I.H. 

I.H. 

S.I.H. 

S.I.H. 

I.H. 

S.I.H. 

M.I.H. 

I.H. 

.10 

.oS 

I.H. 

I.H. 

M.I.H. 

S.I.H. 

M.I.H. 

M.I.H. 

I.H. 

IS 

.08 

.... 

.... 

M.I.H. 

M.I.H. 

.... 

M.I.H. 

I.H- 



.18 

.08 

.... 

.... 

I.H. 

I.H. 

.... 

I.H. 

I.H. 

.a 

^ 

.  .  .  . 

.  .  .  . 

I.H. 

I.H. 

.  .  .  . 

I.H. 





Table  4. 
Fixing  power  of  diphtheria  immune  serum. 
Received  from  Dr.  Ranzohoff,  of  New  York  Board  of  Health;  horse  No.  44S; 
bleeding  Dec.   15,  191 1;  serum  received  and  tests  made  Dec.  18,  1911.   This 
serum  contained  600  units  of  antitoxin  per  cubic  centimeter. 


Immune 
Serum,  cc. 

Amount 

of  Ant., 

cc. 

Ant 
No.  1. 

Ant 
No.  a. 

Ant 
No.  3. 

Ant 
No.  4. 

Ant 
No.  5. 

Ant 
No.  6. 

Ant 
No.7- 

Ant 
No.  8. 

.02 

.08 

C.H. 

C.H. 

C.H. 

C.H. 

SJ.H. 

C.H. 

C.H. 

CJl. 

.04 

.oS 

S.I.H. 

C.H. 

C.H. 

C.H. 

S.I.H. 

C.H. 

S.I.H. 

C.H. 

.06 

.08 

S.I.H. 

S.I.H. 

S.I.H. 

C.H. 

M.I.H. 

S.I.H. 

S.I.H. 

S.IJI. 

.08 

.08 

M.I.H. 

S.I.H. 

M.I.H. 

S.I.H. 

M.I.H. 

S.I.H. 

M.I.H. 

M.I.H. 

.1 

.08 

I.H. 

M.I.H. 

M.I.H. 

S.I.H. 

I.H. 

M.I.H. 

M.I.H. 

I.H. 

.»s 

.08 

I.H. 

I.H. 

I.H. 

M.I.H. 

I.H. 

I.H. 

I.H. 

I.H. 

.18 

.08 

.  .  .  . 

I.H. 

I.H. 

I.H. 
I  H 

.  .  .  . 

I.H. 

I.H. 
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Table  5. 
Fixing pcwer  of  diphtheria  immune  serum. 
Received  from  Dr.  Alexander  Company,  of  Marietta,  Pa.;   horse  No.  197; 
bleeding  Dec.  16,  191 1;  semm  received  and  tests  made  Dec.  18,  19 ii.    This 
serum  contained  1,000  units  of  antitoxin  per  cubic  centimeter. 


Immune 
Scram,  cc. 

Amount 

of  Ant., 

cc. 

Ant. 
No.  I. 

Ant. 
No.  a. 

Ant. 
No.  3. 

Ant. 
No.  4. 

Ant. 
No.  5. 

Ant. 
No.  6. 

Ant. 
No.  7. 

Ant. 
No.  8. 

.03 

.06 
.08 

.X 

•IS 
.18 

.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 

S.I.H. 
M.I.H. 

I.H. 

I.H. 

S.I.H. 
M.I.H. 
M.I.H. 

I.H. 

I.H. 

C.H. 
S.I.H. 
S.I.H. 
M.I.H. 

I.H. 

I.H. 

S.I.H. 
S.I.H. 
M.I.H. 

I.H. 

I.H. 

S.I.H. 
M.I.H. 

I.H. 

I.H. 

S.I.H. 
S.I.H. 
M.I.H. 

I.H. 

I.H. 

I.H. 
I.H. 

I.H. 
I.H. 

,a 

It  is  noted  at  once  that  complement-fixing  bodies  are 
present  in  diphtheria  immune  sera.  That  these  bear  a  close 
relation  to  the  antigens  of  diphtheria  bacilli  is  to  be  noted  in 
the  above  and  following  tables,  where  the  three  sera  were 
tested  with  different  antigens. 

Table  6. 
Control  tests. 
Antigen  of  alcoholic  extract  of  luetic  liver  which  was  antigenic  with  syphilitic 
antibody  in  .2  cubic  centimeter  of  a  1:3  dilution;  anticomplementary  .8  cubic 
centimeter. 


A  mount  of 
Ant.,  cc. 

Amount  oi 
Serum,  cc. 

Mulford 
Serum. 

New  York 
Serum. 

Alexander 
Seram. 

.2 

.04 

C.H. 

C.H. 

CH. 

.2 

.06 

C.H. 

CH. 

CH. 

.2 

.08 

C.H. 

C.H. 

CH. 

.2 

.1 

C.H. 

CH. 

CH. 

.2 

.15 

S.I.H. 

CH. 

CH. 

.2 

.18 

S.I.H. 

CH. 

CH. 

.2 

.2 

M.I.H. 

CH. 

S.I.H. 

.2 

M.I.H. 

S.I.H. 

S.I.H. 
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Table  7. 
Control  tests. 
Antigen  of  aceton-intolable  lipoids  which  was  antigenic  in  amounts  of  .1  cnbic 
centimeter  with  syphilitic  serum;  anticomplementary  in  amounts  of  45  cubic 
centimeter. 


Amount  of 
Ant.,  cc. 

Areonnt  of 
Serum,  cc. 

Mulford 
Serum. 

New  York 
Serum. 

Alexander 
Serum. 

.04 

C.H. 

CH. 

CH. 

.06 

CH. 

CH. 

CH. 

.08 

CH. 

CH. 

CH. 

.1 

CH. 

CH. 

S.I.H. 

•»5 

S.I.H. 

CH. 

M.I.H. 

.18 

M.I.H. 

S.I.H. 

I.H. 

.2 

M.I.H. 

M.I.H. 

I.H. 

The  following  will  be  noted : 

1.  There  is  present  in  diphtheria  immune  sera,  in  addition 
to  the  antitoxin,  a  substance  capable  of  binding  complement 
with  the  specific  antigens. 

2.  There  is  no  relation  between  the  quantity  of  antitoxin 
present  and  the  complement-fixing  power  of  the  serum. 

3.  Of  the  eight  cultures  used  as  antigens  three  were  of 
virulent  diphtheria  bacilli.  Culture  No.  3,  Park's  Bac.  No. 
8,  is  used  extensively  in  the  manufacture  of  antitoxin.  The 
quantity  of  antitoxin  produced  is  dependent  to  an  extent 
upon  the  virulence  of  the  organism;  the  occurrence  and 
degree  of  complement  fixation  does  not  bear  any  direct 
relation  to  the  type  or  virulence  of  the  culture. 

2.     Opsonins  in  diphtheria  immune  serums: 

The  quantity  of  opsonin  in  the  serum  of  normal  individuals 
for  diphtheria  bacilli  is  quite  low.  With  normal  serum  I 
have  found  about  four  to  ten  per  cent  of  the  leucocytes 
become  phagocytic.     Normal  horse  serum  is  more  readily 
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phagocytic,  about   twenty-six   per  cent   of    the  leucocytes 
being  found  active. 

The  opsonic  indices  of  the  three  immune  serums  were 
determined  with  fresh  emulsions  of  the  eight  different  cult- 
ures with  the  following  results: 

Table  8. 
Opsonic  indices  ;  diphtheria  immune  serums. 


Immune 
Serum. 

Antitoxin  Con- 
tent Units 
percc. 

Cult. 
No.  I. 

Cult. 
No.  a. 

Cult.     Cult. 
No.  3.   No.  4. 

Cult. 
No.s. 

Cult. 
No.  6. 

Cult. 
No.  7. 

Cult. 
No.  8. 

Mulford     .   . 
New  York    . 
Alexander    . 

aso 
600 

IfiOO 

I. a 
a.i 
3.a 

1.6 
1.0 
a.i 

>.3 
1-9 

M 
a.o 
a.o 

I.I 
1-9 

i.o 
i.a 
a.o 

1.3 
1.8 

M 
1.6 

These  determinations  were  made  in  from  one  to  two  days 
after  receiving  the  serums.  No  preservatives  were  added 
and  serums  were  kept  on  ice. 

1.  It  will  be  noted  that  the  quantity  of  opsonin  is 
increased  in  the  immune  serums  and  bears  a  direct  relation 
to  the  antitoxin  content. 

2.  No  specific  relations  are  noted  between  the  opsonin 
present  and  the  different  cultures  of  diphtheria  bacilli. 

3.  There  is  no  relation  between  the  opsonin  content  and 
degree  of  complement  fixation. 

Conclusions. 
The  prophylactic  and  curative  properties  of  diphtheria 
immune  serum  depends  largely  upon  the  presence  of  recept- 
ors of  the  first  order.  Such  serum  is  not  bacteriolytic  and 
the  administration  of  the  serum  is  primarily  to  neutralize  the 
toxins.  These  single  receptors  have  probably  no  direct 
influence  upon  the  bacilli  themselves.  However  the  local 
lesions  improve  and  the  bacilli  disappear  following  the 
administration  of  the  serum  and  this  action  may  be  due  in 
part  to  the  opsonins  produced  by  the  patient's  own  cells, 
aided  by  that  introduced  in  the  serum.  However  the  admin- 
istration of  serum  has  no  influence  upon  the  bacilli  of  "  carrier  " 
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cases  and  I  have  found  that  bacterial  treatment  with  auto- 
genous vaccines,  in  the  hope  of  raising  the  opsonic  index, 
has  been  generally  unsuccessful  in  twenty-four  cases.  The 
complement-binding  substance  found  in  these  serums  had  a 
direct  affinity  for  the  specific  antigens.  The  quantity  of 
this  substance  bore  no  relation  either  to  virulence  of  the 
antigen  or  to  the  quantity  of  first  degree  receptors  present 
It  is  practically  certain  that  they  are  not  bacteriolytic 
receptors. 

STREPTOCOCCUS   IMMUNE  SERUM. 

The  exact  nature  of  streptococcus  immune  serum  is  not 
known.  The  serum  is  neither  bacteriolytic  nor  antitoxic  or 
but  feebly  so,  and  its  value  in  the  treatment  of  streptococcus 
infections  depends  probably  upon  opsonins.  Bordet  noted 
that  phagocytosis  of  streptococci  was  feeble  and  sluggish 
and  believed  such  to  be  due  to  a  negative  chemiotactic 
influence  and  that  this  influence  is  removed  upon  the  admin- 
istration of  the  serum.  We  have  studied  the  question  of 
streptococcus  antibodies  in  immune  serums  and  scarlet 
fever*  and  will  give  here  but  a  resum€  of  the  work  as 
relates  to  this  particular  study. 

I .     Complement  fixation. 

Organisms  and  Immune  Serums. 

In  all  of  the  following  experiments  the  same  cultures  and 
immune  scrums  were  used.  Accordingly  reference  will  be 
made  to  culture  and  serums  by  number  only.  For  instance, 
Antigen  i  means  that  it  was  made  of  Streptococcus  Culture 
I,  and  Immune  Serum  i  means  that  it  was  produced  by 
injections  of  Streptococcus  Culture  i,  and  so  on  throdgh 
opsonins  and  agglutinins. 

A.  No.  I :  Streptococci  secured  from  scarlet  fever 
patients.  A  horse  was  immunized  (Immune  Serum  i )  by 
three  injections  of  streptococci  killed  by  exposing  to  60**  C. 
for  one  hour;  the  next  two  injections  were  of  attenuated 
organisms  after  exposure  to  50®  C.  for  thirty  minutes,  and 
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the  last  injection  preceding  bleeding  was  of  living  cultures. 
All  injections  were  subcutaneous. 

No.  2  :  A  streptococcus  secured  by  blood  culture  from  a 
case  of  scarlet  fever.  A  rabbit  was  immunized  (Immune 
Serum  2)  by  six  intravenous  injections,  at  intervals  of  a 
week,  of  organisms  exposed  to  60®  C.  for  one  hour. 

No.  3 :  A  streptococcus  from  a  case  of  septicemia, 
obtained  from  Dr.  A.  P.  Kitchens.  A  rabbit  was  immunized 
(Immune  Serum  3)  by  six  intravenous  injections  of  organ- 
isms exposed  to  60**  C.  for  one  hour. 

No.  4:  A  streptococcus,  isolated  by  Fillin  from  a  case 
of  septicemia,  and  obtained  from  the  American  Museum  of 
Natural  History,  New  York.  A  rabbit  was  immunized 
(Immune  Serum  4)  by  six  intravenous  injections  of  organ- 
isms exposed  to  60®  C.  for  one  hour. 

No.  5 :  A  streptococcus  isolated  from  a  non-scarlatinal 
tonsilitis.  A  rabbit  (Immune  Serum  5)  was  immunized  by 
six  intravenous  injections  of  organisms  exposed  to  60®  C. 
for  one  hour. 

The  injections  were  given  every  seven  days  and  the  serum 
tested  from  time  to  time  by  bleeding  from  the  ear.  At  the 
end  of  seven  weeks  the  rabbits  were  killed  and  the  serum 
stored  in  sterile  tubes  in  the  refrigerator  without  the  addition 
of  preservatives.  Normal  horse  serum  was  secured  from 
two  healthy  animals  and  normal  rabbit  serum  from  six  large 
healthy  rabbits. 

B.  The  antigens  were  prepared  in  the  same  manner  as 
those  of  diphtheria  bacilli.  These  were  found  antigenic  in 
amounts  of  .1  cubic  centimeter  and  became  anticomple- 
mentary in  amounts  of  over  .18  cubic  centimeter. 

Six  streptococcus  immune  serums  were  then  tested  sepa- 
rately with  the  five  antigens.  Five  of  these  were  prepared 
as  already  given ;  the  sixth  was  a  polyvalent  serum  received 
through  the  kindness  of  Dr.  A.  P.  Kitchens.  A  fairly  well- 
marked  degree  of  complement  fixation  resulted,  and  these 
showed  on  the  whole  that  in  the  higher  dilutions  of  the 
immune  serums  a  specific  relation  exists  between  immune 
body  and  its  specific  antigen.     In  lower  dilutions  of  serum 
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no  differentiation  resulted  with  the  various  antigens.  As  far 
as  this  present  study  is  concerned  the  most  important  finding 
was  that  of  complement-fixing  bodies. 

The  following  two  tables  are  included  to  show  the  lack  of 
relation  between  complement  fixation  and  opsonin  and 
agglutinin  content  of  streptococcus  immune  serum  (compare 
with  Tables  ii  and  12)  : 


Table  9. 
Fixing  power  of  Serum  /. 


Amount  of 
Serum,  cc. 

Antigen, 
cc. 

Strepto. 
coccus  I. 

Strepto- 
coccus a. 

Strepto. 
coccus  3. 

Strepto. 
coccus  4. 

strepto- 
coccus  5. 

•05 

S.I.H. 

S.I.H. 

C.H. 

CH. 

CH. 

.08 

M.I.H. 

S.I.H. 

C.H. 

CH. 

CH. 

.1 

I.H. 

M.I.H. 

CH. 

CH. 

S.I.H. 

.15 

l.H. 

I.H. 

S.I.H. 

S.I.H. 

S.I.H. 

.2 

I.H. 

I.H. 

S.LH. 

M.I.H. 

M.I.H. 

It  will  be  noted  (Table  9)  that  complement  fixation  is 
most  marked  with  the  Scarlet  fever  streptococcus  antigens 
I  and  2. 


Table  10. 
Fixing  power  of  polyvalent  serum. 


Amount  of 
Serum,  cc. 

Antigen, 
cc. 

strepto. 
coccus  1. 

Strepto- 
coccus a. 

strepto- 
coccus  3. 

strepto. 
coccus  4. 

Strepto- 
coccus 5. 

.05 

CH. 

CH. 

S.I.H. 

CH. 

M.I.H, 

.08 

CH. 

CH. 

I.H. 

CH. 

LH. 

.1 

S.I.H. 

S.I.H. 

I.H. 

CH. 

I.H. 

•15 

S.I.H. 

S.I.H. 

I.H. 

S.I.H. 

I.H. 

.2 

S.I.H. 

S.I.H. 

I.H. 

M.Iil. 

LH. 

It  will  be  noted  in  Table  10  that  fixation  is  best  marked 
with  Streptococcus  5,  isolated  from  a  case  of  streptococcic 
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tonsilitis;  then  with  Streptococcus  3,  a  culture  sent  me  by 
Dr.  Hitchens.  The  serum  also  contained  antibodies  for 
scarlet  fever  streptococci  as  demonstrated  by  the  reactions 
with  I  and  2.  This  would  tend  to  show  that  each  strepto- 
coccus produced  its  own  antibody. 

2.     Opsonins : 

The  streptococco-opsonic  indices  of  the  six  immune 
serums,  including  the  polyvalent  serum,  were  determined 
with  the  five  streptococcus  cultures.  The  following  table 
gives  the  results  of  these  determinations.  The  polyvalent 
serum  was  the  result  of  more  than  six  injections : 


Table  ii. 
Opsonic  indices  after  six  injections  of  streptococci. 


Immune  Semm. 

Horse  Serum  i    .... 

Rabbit  2 

Rabbit  3 

Rabbit  4 

Rabbit  5 

Pol3rvalent  serum  . . . 


Strepto- 
coccus  I. 

Strepto. 
coccus  a. 

Strepto- 
coccus 3. 

Strepto. 
coccus  4. 

1 

3.2 

3-2 

I.I 

I.O 

1.2 

1.2 

0.6 

0.8 

0.6 

0.6 

1.6 

0.8 

0.2 

0.2 

0.37 

1.4 

0.8 

0.8 

0.85 

0.7 

2.8 

2.8 

Z^Z 

4.1 

Strepto. 
coccus  5. 


I.I 

0.9 

0.9 

0.32 

1.7 

3.6 


These  results  indicate  a  more  or  less  specific  relation 
between  opsonins  and  the  cultures  used  in  the  process  of 
immunization.  There  is,  however,  apparently  no  relation 
between  the  degree  of  complement  fixation  and  opsonin 
content. 

3.     Agglutinins : 

The  agglutinin  content  was  determined  in  each  of  the 
six  immune  sera  with  the  five  different  cultures.  Agglutinins 
are  present  in  streptococcus  immune  serums,  but  the  amount 
varies  within  wide  limits  and  they  are  not  specific  for  the 
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Strain  of  streptococcus  used  in  the  process  of  immunization 
and  are  of  no  value  in  differentiating  streptococci.  The 
study  also  showed  the  absence  of  any  direct  relation  between 
opsonin  and  agglutinin  content  as  the  following  table  will 
show: 

Table  12. 

Skewing  resuits  0/  ogglutiHation  of  strtptococH  by  immunt  serwrn. 

Immane  Semm  i. 


Streptococcus. 

Dilution*. 

l/to 

•/■s 

i/» 

i/as    1    i/io 

1 

1/40 

I/IOO 

1/X40 

+ 

4- 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
4- 

+ 

_ 

+ 

+ 
+ 
+ 

+ 

4- 
+ 

-I- 

— 

Polyvalent  Seniin. 


+ 

4- 

4- 

4- 

— 

+ 

4- 

4- 

4- 

— 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

— 

— 

— 

4- 

4- 

4- 

4- 

— 

Comparison  with  Table  10  shows  the  absence  of  any  rela- 
tion between  agglutinins  and  complement-fixation  substances. 

Conclusions. 
In  streptococcus  immune  serum  are  a  number  of  different 
antibodies,  mainly  agglutinins,  opsonins,  and  a  complement- 
fixing  substance.  Such  serums  are  apparently  free  of  anti- 
toxin or  receptors  of  the  first  order  and  it  is  doubtful  if  they 
are  bactericidal  although  the  latter  point  is  difficult  to  decide, 
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for  such  tests  require  careful  relations  between  amboceptor 
and  complement.  I  regret  not  having  performed  precipitin 
tests  with  these  serums  and  it  is  probable  that  a  relation  exists 
between  the  occurrence  and  degree  of  complement  fixation 
and  precipitin  content.  Just  what  is  the  nature  of  this  com- 
plement-binding substance  is  difficult  to  state.  The  precipi- 
tins belong  strictly  to  the  second  order  of  receptors  and 
cannot  be  activated  by  the  addition  of  normal  serum  after 
having  been  inactivated.  There  are  no  hemolytic  immune 
bodies  present  in  streptococcus  serums  and  evidence  is  lack- 
ing as  to  bactericidal  amboceptors.  Therefore  the  comple- 
ment-binding properties  are  difficult  to  explain.  There  is 
apparently  no  relation  between  the  complement-binding 
bodies,  opsonins,  or  agglutinins  in  streptococcus  immune 
serums. 

CHOLERA  AND  TYPHOID   IMMUNE   SERUMS. 
These  immune  serums  were  examined  quantitatively  for 
complement-fixing    substances,    agglutinins,    opsonins,  and 
bacteriolysins.     Since  both  serums  are  of  the  same  nature 
they  are  considered  together. 

I .     Complement-fixation  tests : 

Immune  sera:  These  were  prepared  by  immunizing  a 
series  of  rabbits  by  intravenous  injections  of  salt  solution 
emulsions  heated  to  58®  C.  for  one  hour. 

Antigens :  These  were  prepared  in  the  same  manner  as 
the  diphtheria  and  streptococcus  antigens.  The  antigenic 
and  anticomplementary  values  of  each  antigen  were  as  follows : 

Cholera :  Antigenic  .02  cubic  centimeter ;  anticom- 
plementary .25  cubic  centimeter. 

Typhoid :  Antigenic  .06  cubic  centimeter ;  anticom- 
plementary .15  cubic  centimeter. 

With  an  antigen  of  alcoholic  extract  of  luetic  liver  which 
was  antigenic  for  syphilitic  antibodies  in  amounts  of  .2  cubic 
centimeter  of  i :  3  dilution,  the  cholera  and  typhoid  immune 
serums  yielded  absolutely  negative  results  up  to  .25  cubic 
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centimeter  of  immune  serum,  using  the  exact  unit  of 
complement. 

To  still  further  test  the  specific  relation  between  antibody 
and  antigen,  both  cholera  and  typhoid  immune  serums  were 
tested  with  the  eight  diphtheria,  a  staphylococcus  and  two  of 
the  streptococcus  antigens,  with  uniformly  negative  results. 

Conversely  the  Hitchens,  New  York,  and  Alexander  diph- 
theria immune  serums  were  tested  with  the  cholera  and 
typhoid  antigens  with  negative  results. 

2.  Agglutinins: 

With  the  ordinary  macroscopic  technicthe  following  results 
were  secured : 

Cholera  serum  :  Agglutinates  homologous  culture  in 
dilution  of  1 :  950. 

Typhoid  serum :  Agglutinates  homologous  culture 
in  dilution  of  i :  1,500. 

3.  Opsonins: 

These  determinations  were  made  with  the  fresh  serums 
and  repeated  twice  with  the  following  results : 

Cholera  opsonic  index:       2.12 
Typhoid  opsonic  index:     3.81 

4.  Bactericidal  tests : 

Neisser's  test-tube  method  was  employed.  The  technic 
requires  sterile  vessels,  diluting  fluids  and  serums,  and  general 
caution.  Fixation  of  complement  in  a  test-tube  containing 
the  bacterial  emulsions,  complement,  and  amboceptor  may  be 
caused  by  an  excess  of  amboceptor  because  in  such  a  mixture 
the  complement  is  not  only  bound  by  the  attached  amboceptor 
but  also  by  free  amboceptor,  and  a  portion  of  the  bound 
amboceptor  may  therefore  lack  complement  to  exert  its 
bactericidal  effects.  Therefore  for  reliable  bactericidal  tests 
the  proportions  of  amboceptor  and  complement  must  be 
exact,  for  if  one  or  the  other  of  these  is  in  excess  no  bacteri- 
cidal action  occurs.  The  method  will  probably  not  become 
popular  for  diagnostic  purposes. 
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The  mixtures  of  bacteria,  complement,  amboceptor,  and 
diluting  fluid  were  incubated  for  three  hours  and  then  plated 
with  neutral  plain  agar-agar.  Plates  were  incubated  for 
twenty-four  hours  and  then  counted.  The  following  results 
were  noted : 

Cholera :  Dilutions  of  the  immune  serum  were  made  from 
I :  lOO  to  1 :  810,000.  The  i :  too  dilution  showed  one 
thousand  five  hundred  colonies;  1:150  showed  eight 
thousand  five  hundred  colonies ;  dilutions  over  i :  9,000 
showed  more  than  fifty  thousand  colonies  per  plate. 

Typhoid  :  The  same  dilutions  as  with  the  cholera  serum 
were  made.  The  i :  100  dilution  showed  one  hundred  and 
twenty  colonies  per  plate ;  the  i :  500  dilution  showed  nine 
hundred  and  fifty  colonies;  the  i :  3,200  showed  thirty-eight 
thousand  colonies,  and  dilutions  over  i  :  6,400  showed  over 
fifty  thousand  colonies  per  plate. 

Proper  controls  of  cultures,  sterility  of  serums,  inactive 
serums  and  without  complement  were  made. 

Conclusions. 

1.  There  was  no  relation  between  the  degree  of  comple- 
ment fixation  and  opsonins,  agglutinins  or  bacteriolysins  in 
either  the  cholera  or  typhoid  immune  serums.  Thus  the 
cholera  serum  gave  the  best  complement-fixing  result  but 
contained  less  of  the  other  antibodies. 

2.  Judging  from  the  results  of  these  two  serums  there  is 
some  relation  between  the  opsonin  content  and  bacteriolysins. 


DISCUSSION. 

Practically  all  of  the  now  known  antibodies,  lysins,  agglu- 
tinins, opsonins,  and  antitoxins  may  be  found  in  normal 
serum  in  varying  amounts  and  each  have  more  or  less  dis- 
tinctive characteristics.  It  is  doubtful  if  precipitins  exist  in 
normal  serum.  The  presence  of  these  antibodies  in  normal 
serum  simply  proves  that  somewhere  in  the  animal  are 
receptors  which  have  an  affinity  for  the  antigen  in  question 
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and  that  normally  there  is  a  varied  but  moderate  overpro- 
duction of  these  receptors  which  are  thrust  off  into  the 
blood.  As  a  result  of  immunization  there  results  an  enor- 
mous overproduction  of  some  particular  receptor  which 
overshadows  all  others  present.  Thus  in  diphtheria  immune 
serum  the  antitoxin  is  far  in  excess  of  the  opsonins. 

And  yet  it  appears  that  a  single  antigen  may  stimulate 
the  production  of  various  antibodies.  Thus  in  the  diphtheria 
immune  serums  the  opsonin  content  is  far  above  the  normal. 
Likewise  there  is  produced  a  complement-binding  substance. 
Streptococci  stimulate  the  production  of  opsonins  and  agglu- 
tinins and  cholera  and  typhoid  antigens  produce  agglutinins, 
bacteriolysins,  opsonins  and  complement-fixing  bodies  far  in 
excess  of  those  found  in  normal  serums.  Therefore  it  seems 
apparent  that  the  system  of  receptors  in  the  animal  economy 
is  not  at  all  a  staple  one,  but  easily  disturbed  through  the 
influence  of  a  simple  antigen. 

As  a  general  rule  the  various  antibodies  are  considered 
more  or  less  distinct  and  separate  from  each  other,  but  there 
are  exceptions  to  this  rule.  The  complement-fixing  bodies 
showed  no  relation  at  all  to  the  other  antibodies  studied  in 
our  serums.  Each  antibody  bears  a  direct  relation  with  its 
antigen  and  in  this  manner  facilitates  diagnosis.  Receptors 
of  the  first  order,  antitoxins,  produced  as  a  result  of  stimula- 
tion by  a  soluble  toxin  are  probably  the  best  marked  of  all. 
There  is,  however,  a  more  or  less  direct  relation  between  the 
antitoxin  and  opsonin  content  of  the  diphtheria  immune 
serums  and  likewise  between  the  opsonins  and  bacteriolysins 
in  the  cholera  and  typhoid  serums.  Essentially  these  anti- 
bodies are  different  and  easily  separated,  but  in  serums 
which  are  prophylactic  and  curative  these  antibodies,  anti- 
toxins, opsonins,  and  bacteriolysins  bear  a  relation  to  each 
other.  Levaditi  identifies  the  immune  opsonins  and  lytic 
amboceptors.  On  the  other  hand,  the  agglutinins  and  pre- 
cipitins are  probably  not  antibodies  in  the  strict  sense  of 
being  directly  inimical  to  the  antigen,  and  their  presence 
therefore  does  not  mean  increased  resistance  in  virtue  of 
themselves,  although  their  presence  in  the  serum  does  indicate 
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heightened  resistance  through  the  agency  of  other  anti- 
bodies. Thus  the  agglutinins  to  be  found  in  the  serum  of  a 
person  immunized  with  typhoid  bacteria  may  be  considered 
an  indication  of  his  resistance,  although  the  agglutinin  itself 
has  not  the  power  to  lower  the  virulence  of  or  destroy  the 
typhoid  bacillus.  In  the  cholera  and  typhoid  immune  serums 
there  is  an  apparent  relation  between  the  agglutinins  and 
precipitins  and  it  is  probable  that  they  are  quite  similar 
immune  bodies.  Between  agglutinins,  precipitins,  and  lysins 
there  is  no  relation  whatsoever.  Thus  a  serum  rich  in  agglu- 
tinin may  have  poor  bactericidal  powers  or  vice  versa. 

The  relation  of  complement  fixation  to  the  various  recep- 
tors has  been  especially  interesting.  Thus  with  receptors  of 
the  third  order  it  is  claimed  that  a  bactericidal  ambocepter 
produced  by  immunization  came  to  be  recognized  by  com- 
plement-fixation tefts,  whereby  bacteria  supplied  with  the 
amboceptor  are  able  to  bind  hemolytic  complement  and 
thereby  show  that  the  bacteria  have  combined  with  a  bac- 
tericidal amboceptor.  Neisser  has  not  been  able  to  substan- 
tiate these  claims  as  made  originally  by  Borget  and  Gengou 
and  in  the  present  study  it  will  be  noted  that  the  cholera 
serum  gave  better  complement  fixation  than  the  typhoid 
serum  but  was  weaker  in  its  bactericidal  action.  I  do  not 
think  that  the  ordinary  complement-fixation  technic  will 
suffice  to  measure  the  bactericidal  power  of  an  immune 
serum,  and  in  this  connection  one  must  bear  in  mind  the 
great  difficulty  of  studying  such  a  serum  either  in  vivo  or  in 
vitro  by  any  methods  on  account  of  the  close  counteracting 
influences  of  complement  and  amboceptor.  Attention  has 
already  been  drawn  to  the  fact  that  complement  may  not 
only  be  fixed  by  amboceptor  attached  to  the  bacterial  cell 
but  also  by  free  amboceptor  and  the  complement  thus  bound 
to  free  amboceptor  means  so  much  less  available  comple- 
ment to  exert  a  bactericidal  effect.  For  the  same  reasons  the 
injection  of  bacteriolytic  serum  in  the  cure  of  disease  is  of 
problematical  value  because  the  good  effects  depend  so 
largely  upon  the  amount  of  complement  which  may  be 
present. 
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All  of  the  immune  serums  which  I  have  examined  con- 
tained some  body  capable  of  fixing  hemolytic  complement. 
This  is  the  basis  for  such  tests  aiming  to  detect  either  antigen 
or  antibody  by  complement  fixation.  But  the  nature  of  the 
complement-binding  substances  are  difficult  to  understand. 
Thus  diphtheria  immune  serum  certainly  contains  no  lysins 
or  receptors  of  the  third  order  and  yet  such  serums  bind 
complement  with  specific  antigens  quite  readily.  It  will 
prove  most  interesting  to  work  out  the  various  antibodies  in 
syphilitic  immune  serum  and  determine  their  relation  to 
complement  fixation  now  that  Noguchi  has  devised  a 
method  for  growing  Treponema  pallidum  in  pure  culture. 
Not  infrequently  these  tests  apparently  show  the  largest 
amount  of  antibody  present  at  a  time  when  the  patient 
clinically  is  gradually  developing  severer  symptoms  and 
signs  of  syphilis,  whereas  strictly  speaking  the  largest 
amount  of  antibody  should  be  found  at  the  height  and 
decline  of  the  infection.  With  these  considerations  com- 
bined with  the  lack  of  relation  between  complement  fixation 
and  bacteriolysins  it  would  appear  that  a  special  body  is 
stimulated  and  thrown  into  the  blood  stream  in  the  nature  of 
a  reacting  substance,  a  "  reagin,"  capable  of  binding  hemoly- 
tic complement  and  not  a  true  antibody  in  the  sense  of  being 
prophylactic  against  or  destructive  to  the  antigen. 
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PRIMARY  CANCER   OF  THE   LUNG.* 

A.  T.  Henrici. 
{Afagee  Pathological  Laboratory,  Mercy  Hospital,  Pittsburgh,  Pa.) 

Primary  carcinoma  of  the  lungs  is  a  rare  aflfection.  Its 
incidence  may  be  roughly  indicated  by  the  statistics  of  Rein- 
hardt,  Fuchs  and  Passler.  Reinhardt,*  in  eight  thousand 
seven  hundred  and  sixteen  autopsies  at  the  Dresden  City 
Hospital,  found  five  hundred  and  forty-five  cases  of  carci- 
noma, of  which  five  were  primary  in  the  lungs.  Fuchs  * 
found  in  the  Munich  records  eight  cases  of  primary  lung 
cancer  in  twelve  thousand  three  hundred  and  seven  autop- 
sies. Passler  ^  records,  out  of  one  thousand  cases  of  malig- 
nant disease  from  the  Breslau  Pathological  Institute,  four 
primary  sarcomas  and  sixteen  primary  carcinomas  of  the 
lung.  It  must  be  borne  in  mind  that  it  is  difficult  to  differ- 
entiate between  primary  carcinomas  arising  in  the  lung  and 
those  of  bronchial  origin,  and  that  probably  many  tumors  of 
the  latter  type  are  included  in  the  statistics  quoted  above. 
Rolleston  and  Trevor  *  conclude  that  these  figures  for  lung 
cancers  are  too  high,  and  state  that  there  is  no  reason  for 
believing  that  carcinoma  is  more  frequent  than  sarcoma. 
Out  of  three  thousand  nine  hundred  and  eighty-three  autop- 
sies at  St.  George's  Hospital  they  found  three  sarcomas  and 
no  carcinomas  primary  in  the  lungs. 

While  there  have  been  a  large  number  of  cases  reported, 
not  all  have  been  undoubted  cases  of  primary  cancer  of  the 
lung,  and  in  many  cases  the  reports  were  incomplete.  From 
a  critical  examination  of  the  literature  up  to  1896  Passler' 
gathered  the  data  of  seventy  cases  in  which  the  reports  were 
complete  enough  to  be  of  value,  and  to  these  added  four 
from  the  Breslau  Pathological  Institute.  From  a  partial 
review  of  the  literature  since  that  time  I  have  been  able  to 
collect  the  reports  of  ten  additional  cases  which,  with  the  one 
here  reported,  makes  a  total  of  eighty-five  from  which  statis- 
tical data  concerning  the  type  of  tumor  can  be  drawn.     The 

*  Received  for  publication  April  27, 1912. 
(395) 
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ten  cases  were  reported  by  Ernst,*  Ribbert,*  Delormc/  Bretn- 
ken,'  Ennet,*  Herrmann,^  Parrow,"  and  Kaminski "  (one  case 
each),  and  Lammerhirt"  (two  cases).  The  last  five  were 
from  the  Greifswald  Pathological  Institute. 

Of  these  eighty-five  cases  many  are  probably  and  some 
certainly  of  bronchial  origin,  but  no  attempt  has  been  made 
to  separate  them.  In  the  following  table  these  cases  have  been 
classified  according  to  the  histological  type  of  tumor  present 

Sqnimons  celled 12 

Cylindricml  celled 24 

Cubical  celled i 

Transidonml  cells I 

Polygonal  cells 9 

Poljrmorphons  ceQs 11 

"  Large  epithelial  cells  " 4 

Scirrhoas 3 

Cancer,  but  the  type  not  stated 12 

No  microscopic  report 8 

Among  the  squamous  celled  tumors  is  included  one  in 
which  it  was  stated  that  the  cells  were  "  similar  to  alveolar 
cells."  Four  of  these  tumors  showed  keratinization.  Of 
the  cylindrical  celled  cancers  three  are  described  as  forming 
gland  structures.  Several  of  the  polygonal  and  polymor- 
phous celled  growths  are  stated  to  have  shown  in  places 
cylindrical  or  squamous  cells,  but  a  more  indefinite  type  of 
cell  predominated. 

As  to  the  etiology  of  lung  cancers  but  little  more  can  be 
said  than  for  the  etiology  of  malignant  growths  in  general 
The  case  reported  by  Ribbert  *  was  associated  with  fibrosis 
of  the  lung,  together  with  other  signs  of  a  previous  inflam- 
matory process,  and  he  calls  attention  here  to  his  well-known 
theory  of  the  origin  of  cancer,  which  is  apparently  supported 
by  this  instance.  The  cases  of  Grant,^^  Lawrence  and  Suck- 
ling,** Friedlander,**  and  Ennet*  were  associated  with  pul- 
monary tuberculosis.  It  has  been  stated  by  Wieber  ^  and 
restated  by  Osier  that  cancer  of  the  lung  is  remarkably 
freqtient  among  the  cobalt  miners  of  Schneeberg.  It  is 
possible  that  here  a  type  of  pneumonokoniosis  is  a  factor  in 
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the  etiology.  The  case  reported  in  this  paper  was  asso- 
ciated with  marked  anthracosis.  But  both  tuberculosis  and 
anthracosis  are  so  common,  and  cancers  of  the  lung  so  rare, 
that  an  etiological  relationship  could  hardly  be  considered. 

It  might  be  remarked,  concerning  the  reported  cases  of 
cancer  occurring  at  Schneeberg,  that  definite  histological 
reports  of  these  tumors  are  not  forthcoming  and  that  some 
investigators  suggest  that  mediastinal  tumors  or  even  cases 
of   Hodgkin's   disease    have   been    included    in  the  series.*^ 

There  are  three  possible  points  of  origin  for  the  tumors  of 
the  lung ;  the  alveolar  epithelium  of  the  air  sacs,  the  bron- 
chial epithelium  and  the  epithelial  lining  of  the  bronchial 
mucous  glands.  Concerning  the  latter  but  little  can  be  said 
and  it  may  possibly  be  the  point  of  origin  of  some  of  the 
apparent  adeno-carcinomata.  About  the  other  two,  how- 
ever, considerable  polemical  literature  has  accumulated. 
Some  of  the  Rumors  mentioned  above  have  undoubtedly 
arisen  from  the  bronchial  mucosa  remaining  isolated  in  the 
bronchi.  Others,  by  their  anatomical  situation,  and  the  fact 
that  they  have  infiltrated  the  lung  along  the  bronchial  tree, 
have  left  but  little  doubt  as  to  their  bronchial  origin.  But  the 
majority,  on  account  of  their  large  size  or  wide  dissemina- 
tion, offer  nothing  in  the  gross  appearance  to  indicate  from 
what  structures  they  have  arisen. 

As  to  the  cylindrical  celled  tumors,  it  is  generally  con- 
ceded that  they  arise  from  the  epithelium  of  the  bronchial 
mucosa,  or  possibly  from  the  bronchial  mucous  glands. 
The  fact  is  to  be  considered,  however,  that  the  embryonic 
type  of  alveolar  epithelium  is  cylindrical  in  character.  And 
the  possibility  also  presents  itself  that  in  atelectatic  lung 
tissue  the  epithelium  may  undergo  a  true  metaplasia  to 
cylindrical  epithelium  and,  having  been  rendered  function- 
less,  acquires  the  "  habit  of  growth,"  and  produce  a  tumor. 

The  origin  of  the  squamous  celled  tumors  is  still  more 
diflScult  to  explain.  Some  of  them  have  been  of  undoubted 
bronchial  origin,  but  in  others  this  is  not  so  clear.  Siegal, 
Perls,  Grunwald  and  Wechselmann  believe  that  they  arise 
from  the  alveolar  epithelium.     Tillmann  speaks  of  a  tumor 
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composed  of  cells  "  similar  to  normal  alveolar  epithelium/' 
and  to  these  tumors  Grunwald  has  applied  the  term  "  alve- 
olar epithelioma."  But  it  is  a  far  cry  from  simple  alveolar 
epithelium  to  a  structure  composed  of  stratified  squamous 
cells  showing  intercellular  bridges,  forming  types  of  epithe- 
lial pearls,  and  in  some  cases  producing  keratin.  On  the 
other  hand,  to  explain  an  origin  from  the  bronchial  mucosa 
there  must,  be  called  into  play  a  process  of  metaplasia.  It 
is  interesting  in  this  connection  to  note  that  such  a  process 
has  been  noted  in  the  bronchi,  in  the  absence  of  any  malig- 
nant change,  by  Friedlander,  Curt  Wolf,  and  recently  by 
S.  R.  Haythorn.  The  latter  observer  found  areas  of  meta- 
plasia to  squamous  epithelium  in  the  bronchial  mucosae  of 
three  lungs  from  this  laboratory,  all  being  cases  of  pneu- 
monia. He  also  found,  in  sections  from  the  lung  described 
below,  areas  of  metaplasia  in  the  bronchi,  the  columnar  cells 
being  replaced  by  squamous  cells  similar  to  those  forming 
the  tumor.  Haythorn  does  not  consider  that  there  is  a 
direct  metaplasia  of  the  columnar  cells  to  squamous  cells, 
but  that  the  latter  arise  from  the  deeper  epithelial  cells  after 
the  columnar  cells  have  been  destroyed  or  lost  during  an 
inflammatory  process.  On  account  of  these  observations  it 
is  probable  that  the  metaplasia  is  the  primary  process,  and 
that  the  tumors  arise  from  such  metaplastic  epithelium. 
This  is  the  explanation  which  Ernst  ^  accepts  for  his  case. 

A  third  possibility  may  be  briefly  mentioned,  that  some 
of  those  tumors  are  in  reality  endotheliomata.  This  is  the 
view  of  Schottelius. 

The  intermediate  types  of  cancer  off*er  but  little  more  in 
their  microscopic  structure  than  they  do  in  the  gross  appear- 
ance towards  solving  the  question  of  their  origin.  We 
must  agree  with  Ribbert,^  that  *'  it  is  impossible,  in  cases  of 
far-advanced  carcinoma,  to  determine  anything  of  their 
origin." 

The  case  here  reported  is  one  of  non-keratinizlng  squamous  celled 
carcinoma  arising  in  and  remaining  isolated  to  the  right  lung.  The 
patient,  Mr.  M.  C,  aged  sixty-two,  was  admitted  to  the  service  of  Dr. 
C.  O.  Goulding  in  the  Mercy  Hospital  on  Aug.  i,  1911,  in  an  intoxicated 
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condition.  The  family  history  was  not  important.  He  had  gone  through 
the  usual  diseases  of  childhood,  and  had  repeatedly  been  ill  following 
intoxication.  The  patient  had  been  drinking  heavily  for  some  days  before 
admission.  The  day  following  his  admission  his  temperature  rose  to 
I02<*.  On  examination  the  right  chest  was  found  on  percussion  to  be 
flat  from  the  clavicle  to  the  fourth  rib  anteriorly,  with  bronchial  breathing 
over  this  area.  He  was  coughing  and  expectorated  blood-tinged  sputum. 
For  a  week  the  temperature  varied  between  98®  and  101°,  being  low  in  the 
morning  and  high  in  the  evening.  At  the  end  of  a  week  r^les  appeared 
at  the  right  apex.  The  temperature  gradually  subsided,  but  varied  from 
970  to  100^  for  his  remaining  illness.  The  consolidated  area  never  became 
resonant.  The  patient  grew  very  weak  and  developed  a  marked  pallor, 
but  never  appeared  cachectic.  For  two  weeks  before  death  he  was  deliri- 
ous, and  had  no  control  of  his  sphincters.  Sputum  examinations  from 
time  to  time  revealed  the  presence  of  pneumococci  and  streptococci, 
tubercle  bacilli  were  not  found,  and  cancer  tissue,  if  present,  could  not  be 
recognized.  Death  occurred  on  September  4.  A  clinical  diagnosis  of 
unresolved  pneumonia  of  the  right  upper  lobe  was  made. 

At  autopsy  a  small  portion  of  the  right  lung  was  found  to 
be  adherent  to  the  sternum.  In  the  left  pleural  cavity  there 
were  many  old  adhesions,  and  a  small  quantity  of  blood- 
stained fluid.  The  upper  and  middle  lobes  of  the  right  lung 
were  firtnly  adherent  to  the  parietal  pleura  and  the  peri- 
cardium. The  left  lung  showed  a  marked  marbling  of  the 
pleura  due  to  advanced  anthracosis.  On  section  the  upper 
lobe  was  seen  to  be  rather  moist  and  crepitated  throughout. 
The  lower  lobe  contained  a  moderate  amount  of  grayish 
fluid.  The  bronchi  contained  a  mucoid  exudate.  Over  the 
upper  and  middle  lobes  of  the  right  lung  there  was  a  dense, 
plate-like  organized  exudate.  Over  the  upper  third  of  the 
lower  lobe  there  was  a  fine,  sand-like  fibrinous  exudate. 
The  anterior  surface  at  the  lower  two-thirds  was  free  from 
exudate.  On  the  posterior  surface  there  was  a  thin,  very 
vascular  membrane.  The  upper  and  middle  lobes  and  the 
upper  part  of  the  lower  lobe  were  completely  solidified. 
The  lower  lobe  crepitated.  On  section  the  upper  lobe  was 
seen  to  be  replaced  by  an  enormous  mass  composed  of  a 
pinkish,  cream-colored  tissue  of  a  pasty  consistency.  Pos- 
teriorly this  mass  was  bounded  only  by  the  thickened  pleura 
and    about   two   centimeters  of  blackened  atelectatic  lung. 
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In  two  places  the  mass  extended  forwards  to  the  pleura. 
The  cut  surface  of  the  tumor  measured  9.5  by  6  centimeters. 
In  the  middle  lobe  there  were  two  smaller  areas  of  similar, 
soft  friable  tissue.  The  lung  tissue  of  the  lower  lobe  was  of 
a  grayish  red  color ;  the  lower  border  was  edematous.  The 
only  remaining  normal  tissue  in  the  areas  of  new  growth 
were  some  bands  of  connective  tissue  and  some  blood 
vessels.  In  the  main  bronchus  of  the  upper  lobe  there  were 
soft  papillary  projections  into  the  lumen.  The  peribronchial 
lymph  nodes  of  both  lungs  showed  marked  anthracosis,  but 
no  necrosis  or  evidence  of  new  growth.  One  gland  at  the 
bifurcation  of  the  trachae  was  calcified. 

The  other  autopsy  findings  were  of  minor  interest.  The  aortic  and 
mitral  valves  were  sclerosed ;  there  was  sclerosis  of  the  aorta  and  coro- 
naries.  There  were  multiple  hemorrhages  into  the  spleen  and  the  sub- 
mucosa  of  both  the  large  and  small  bowels.  The  left  lateral  sinus 
contained  a  firm,  white  thrombus,  which  was  adherent.  There  was  a 
chronic  inflammation  of  both  middle  ears.  The  testicles  were  fibrosed^ 
There  were  no  new  growths  found  in  any  part  of  the  body,  save  the  right 
lung. 

The  microscopical  examination  of  the  tumor  showed  it  to 
be  composed  of  cell  masses  having  a  general  arrangement 
suggestive  of  an  alveolar  structure.  Many  of  these  masses 
were  quite  solid,  but  the  majority  of  them  contained  an  open 
space  in  the  center  filled  with  necrotic  material.  Here  and 
there  large,  irregular  arborescent  or  serpentine  masses  of 
tumor  cells  were  formed,  surrounded  by  a  necrotic  material. 
The  stroma  was  thin  and  the  relationship  of  the  tumor  cells 
to  it  was  quite  definite.  Lying  upon  the  basement  mem- 
brane of  the  stroma  there  was  a  single  layer  of  columnar 
cells,  but  the  layer  above  this  consisted  of  smaller,  round  and 
irregular  cells,  and  above  this  layer  the  cells  were  squamous 
in  type.  As  a  rule  the  tumor  cells  formed  only  a  thin  layer, 
ten  or  fifteen  cells  deep.  The  upper  ones  were  definitely 
squamous  in  type,  showing  intercellular  bridges,  and  forming 
here  and  there  small  concentric  whorls,  which  seldom  con- 
sisted of  more  than  five  or  six  elements.  No  keratinization 
could  be  demonstrated,  although  a  large  number  of  sections 
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were  examined,  using  not  only  the  usual  stains  but  also  Gram's, 
which,  as  Ernst  ^  has  pointed  out,  is  a  selective  stain  for 
keratin.  The  cells  had  large,  deeply  staining  nuclei,  and  a 
rather  indistinct,  faintly  staining  protoplasm.  Mitotic  figures 
were  numerous. 

As  has  been  mentioned,  the  stroma  was  very  delicate,  con- 
sisting of  a  few  fibrils  supporting  the  cell  masses.  Sections 
stained  with  Van  Gieson's  and  Mallory's  stains  showed  the 
greater  part  of  the  stroma  to  be  composed  of  white  fibrous 
tissue,  but  sections  stained  by  Weigert's  elastic  tissue  showed 
the  presence  of  fibers  of  the  latter  type  also.  This  fact, 
together  with  the  alveolar  structure  of  the  tumor  masses 
which  became  more  apparent  in  these  sections,  suggested 
that  the  original  stroma  of  the  lung  had  been  retained,  and 
that  the  tumor  had  grown  into  the  lung  along  the  alveolar 
walls.  But  the  alveolar  structures  were  usually  larger  than 
lung  alveoli,  and  they  were  so  indefinite  and  inconstant  as  to 
preclude  the  possibility  of  drawing  any  definite  conclusions 
of  their  origin.  The  open  spaces  in  the  center  of  the  masses, 
however,  were  clearly  not  due  to  necrosis  of  the  tumor,  as 
the  cells  bordering  them  did  not  show  signs  of  destruction. 

The  stroma  carried  only  a  few  small  capillaries  and,  when 
compared  with  the  amount  of  tissue  supplied,  appeared  quite 
inadequate.  The  necrotic  portions  of  the  tumor  showed 
the  presence  of  a  number  of  polymorphonuclear  leucocytes 
and  here  and  there  an  infiltration  of  lymphocytes  into  the 
stroma.  About  the  tumor  there  was  seen  a  border  of  com- 
pressed and  fibrosed  lung  tissue,  showing  a  considerable 
infiltration  of  lymphoid  cells.  A  moderate  amount  of  anthra- 
cosis  was  present. 

Sections  of  the  nodules  in  the  bronchi  showed  an  invasion 
of  the  bronchial  wall  by  tumor  from  the  surrounding  tissue. 
Sections  of  the  peribronchial  lymph  glands  failed  to  show 
any  evidence  of  metastases. 

There  are  several  points  about  the  case  that  merit  dis- 
cussion. Definite  conclusions  as  to  the  origin  of  the  tumor 
cannot  be  drawn  from  gross  appearances  on  account  of  the 
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wide  involvement  of  the  gp-owth  obliterating  all  structures. 
In  the  microscopic  examination  of  the  specimen  there  is 
only  one  point  which  is  helpful ;  namely,  the  finding  of  areas 
of  metaplasia  of  columnar  to  squamous  epithelium  in  the 
bronchi,  unassociated,  however,  with  any  malignant  change. 
It  is  quite  probable  that  the  tumor  arose  from  epithelium  of 
this  nature. 

The  absence  of  keratinization  is  of  interest.  Although 
Ernst  *  lays  especial  stress  on  the  formation  of  keratin  in  this 
type  of  lung  tumor  as  essential  to  the  diagnosis,  it  is  to  be 
noted  that  this  process  occurred  in  only  four  of  the  twelve 
squamous  celled  cancers  tabulated  above.  Moreover,  non- 
keratinizing  squamous  celled  cancers  are  frequently  noted  in 
other  organs  as,  for  instance,  in  the  cervix  uteri  and  the 
bladder.  In  the  case  here  reported  the  presence  of  defi- 
nitely squamous  cells  with  whorl  formation  and  the  presence 
of  intercellular  bridges  leaves  but  little  doubt  as  to  the 
diagnosis. 

The  apparent  alveolar  structure,  as  though  the  tumor  had 
invaded  the  lung  parenchyma  along  the  alveolar  walls,  seems 
to  occur  frequently  in  carcinomata  of  this  organ.  In  eight 
of  the  eighty-five  cases  mentioned  above  such  an  arrange- 
ment was  mentioned  as  being  present.  Passler  observed  in 
his  third  case  that  *'  the  cancer  fills  the  original  alveoli  and 
the  alveolar  septa  form  the  stroma."  The  finding  of  elastic 
tissue  fibers  in  the  stroma  of  our  tumor  is  additional  evidence 
that  such  a  process  has  also  occurred  here.  Siegert,"  too, 
considers  that  cancers  invade  the  lung  in  this  manner  and 
Ribbert  ^  agrees  with  him,  although  the  latter  author  points 
out  that  there  is  another  mode  of  invasion ;  namely,  along 
the  lymphatics  of  the  alveolar  septa. 

Finally,  it  is  noteworthy  that  so  large  and  so  cellular  a 
tumor  could  be  produced  without  forming  distant  metastases, 
even  in  the  regional  lymph  nodes. 

CONCLUSIONS. 
I.     Primary  carcinoma  of  the   lung   is   a  rare   affection, 
occurring  approximately  once  in  sixteen  hundred  autopsies. 
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2.  Probably  the  majority  of  so-called  cancers  of  the  lung 
are  in  reality  of  bronchial  origin. 

3.  Squamous  celled  cancers  of  the  lung  probably  arise  in 
the  majority  of  cases  from  bronchial  epithelium  which  has 
undergone  a  metaplasia. 

4.  Some  of  these  tumors  apparently  invade  the  lung 
along  the  alveolar  wall,  retaining  the  alveolar  septa  as 
stroma. 

[I  here  wish  to  express  thanks  to  Dr.  Oskar  Klotz  for  his  criticisms  and 
aid  in  preparing  this  paper,  and  to  Dr.  S.  R.  Hay  thorn  for  the  photo- 
micrographs.] 
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DESCRIPTION   OF  PLATE  XVH. 

Fig.  I.  —  Primary  cancer  of  right  lung. 

Fig.  2.  —  Section  at  margin  of  cancer  of  lung,  showing  alveolar  charac- 
ter  with  central  lumen. 

Fig.  3.  —  Cancer  of  lung  showing  squamous  character  of  tumor  cells, 
and  apparent  **  perivascular"  arrangement. 
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ATROPHY  OF  THE  PANCREAS  AFTER  OCCLUSION  OF  THE 
PANCREATIC  DUCT.* 

Lindsay  S.  Milne,  M.D. 

AND 

H.  LeBaron  Peters,  M.D. 
(Russell  Sage  InstituU  of  Pathology^  New  York,) 

Ever  since  it  has  been  known  that  pancreatectomy  is 
followed  by  diabetes,  opinions  have  been  very  varied  as  to 
the  part  the  pancreas  takes  in  metabolism.  Nor  is  it  yet 
settled  whether  its  action  is  by  virtue  of  an  internal  secretion, 
or  by  extracting  or  altering  substances  in  the  blood  serum. 
Also,  in  spite  of  prolonged  discussion  it  has  not  yet  been 
decided  whether  the  "islands"  in  the  pancreas,  first  de- 
scribed by  Langerhans  in  1869,  are  the  essential  structures 
which  control  carbohydrate  metabolism  in  the  tissues. 

One  of  the  strongest  morphological  supports  in  favor 
of  the  "island  theory,"  or  independent  existence  of  the 
"  islands  "  and  their  functional  importance,  is  based  on  the 
effect  of  ligature  of  the  pancreatic  duct.  This  operation  has 
been  described  as  producing  a  general  atrophy  of  the  acini 
of  the  pancreas,  while  the  "islands"  persist  unaltered  and 
no  diabetes  results.  The  subsequent  removal,  however,  of 
the  fibrous  mass,  representing  the  atrophied  pancreas  con- 
taining only  "  islands,"  is  followed  by  diabetes. 

The  importance  of  establishing  this  has  warranted  the 
numerous  works  which  have  appeared  confirming  or  contra- 
dicting it.  All  agree  that  ligature  of  the  pancreatic  duct,  if 
reestablishment  of  the  excretory  channels  is  prevented, 
causes  atrophy  and  eventually  disappearance  and  fibrous 
tissue  replacement  of  the  pancreas  acini. 

In  varying  amount,  however,  small  collections  of  epithelial 
cells  more  or  less  closely  resembling  "  islands  "  do  persist. 
These  surviving  clumps  of  cells  seem  to  be  capable  of 
preventing   diabetes,  although    Sauerbeck   in   his   series   of 

*  Received  for  publication  April  99, 1912. 
(405) 
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rabbits  found  that  glycosuria  did  develop  thirty  days  after 
the  operation.  What  these  surviving  cells  are,  however, 
original  Langerhans  islands  or  pancreas  acini,  is  still  a 
subject  of  controversy. 

The  effects  of  occlusion  of  the  pancreatic  duct  were 
observed  in  the  following  series  of  animals  with  rather  vary- 
ing results  in  each  species ;  two  guinea-pigs,  six  rabbits,  five 
dogs,  and  twelve  cats.  In  all  these  animals  the  tail  portion 
of  the  pancreas  was  separated  from  the  part  attached  to  the 
duodenum  and  turned  backwards  so  as  to  prevent  reunion. 
The  vascular  supply  of  the  pancreas  was  interfered  with  as 
little  as  possible  and  every  care  was  taken  to  avoid  infection 
of  the  pancreatic  tissue. 

The  tendency  to  reestablish  the  excretory  channels  of  the 
pancreas  is  very  marked  and  when  this  occurs  sufficiently 
early  large  portions  of  the  pancreas  may  be  spared.  In  this 
way  the  statements  of  Hansemann,^  Lombroso,*  and  others 
that  ligature  of  the  pancreatic  duct  did  not  cause  general 
atrophy  of  the  pancreas  acini  may  be  accounted  for. 

In  cats  very  uniform  results  were  obtained.  Atrophy  of 
the  acini  begins  very  soon  after  the  operation  and  in  forty- 
eight  hours  is  quite  marked. 

In  ten  days  the  cells  lining  the  acini  have  become  very 
much  reduced  in  size  and  are  commonly  desquamated  into 
the  lumen  of  the  tubule  (Fig.  i).  "Islands"  can  be 
readily  observed  and  are  apparently  in  the  same  condition  as 
the  acini,  the  shape  and  arrangement  of  their  cells  having 
become  very  irregular.  At  this  stage  the  appearances 
closely  resemble  the  general  atrophy  of  the  pancreas  found 
in  certain  severe  cases  of  diabetes  in  young  subjects 
(Fig.  2). 

In  three  weeks  the  atrophy  of  the  pancreas  has  become 
much  more  marked.  The  acini  are  generally  slightly  dilated 
and  mostly  filled  with  clear,  rather  small,  desquamated 
acinous  cells.  The  margin  of  the  acinus  is  lined  by  a  layer 
of  more  darkly  staining  attenuated  cells  (Fig.  3).  In 
many  places  the  acini  can  be  noted  to  have  been  changed 
into  clumps  of  small  darkly  staining  cells  (Figs.  3  and  4)- 
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Indeed  at  this  stage  it  is  almost  impossible  to  distinguish  any 
of  the  original  ''islands'*  or  to  differentiate  from  **  islands'* 
the  collections  of  cells  formed  by  atrophy  and  proliferation 
of  the  acinous  cells. 

In  twenty-four  days  the  lobules  of  atrophic  acini  have 
become  isolated  and  surrounded  by  fibrous  tissue.  For  the 
most  part  the  acini  are  lined  by  an  attenuated  epithelium  or 
filled  with  irregular  or  rounded  desquamated  and  proliferated 
acinous  cells.  Many  of  these  lobules  show  a  more  advanced 
atrophy  than  others  and  even  in  the  individual  clumps  the 
atrophy  is  by  no  means  regular  (Fig.  5). 

In  thirty-seven  days  the  atrophy  is  much  more  uniform  and 
the  pancreatic  lobules  have  become  much  smaller  and  are 
surrounded  by  dense  fibrous  tissue  (Fig.  6). 

In  thirteen  weeks  all  that  remains  in  the  fibrous  tissue 
which  has  replaced  the  pancreas  are  small  groups  of  extremely 
atrophied  acini.  These  at  first  sight  have  the  appearance 
of  Langerhans'  islands,  but  their  acinous  arrangement  can 
still  be  easily  made  out  (Fig.  7).  For  the  most  part  these 
atrophic  remnants  show  no  structures  closely  resembling 
normal  '*  islands."  In  some  places,  however,  there  are  found 
small  rounded  clumps  of  closely  packed,  large  clear  cells. 
These  are  often  completely  isolated  in  fibrous  tissue  but  also 
are  commonly  seen  in  the  center  of  a  group  of  atrophied 
pancreas  acini  (Fig.  8).  These  structures  might  well  be 
taken  for  the  normal  persisting  *•  islands."  They  are  not, 
however,  nearly  so  numerous  as  are  the  normal  islands  in  the 
pancreas,  and  the  arrangement  and  type  of  their  cells  is  also 
different.  Further,  in  tracing  their  formation  in  earlier 
periods  after  ligature  of  the  pancreatic  duct,  similar  structures 
can  be  observed  to  be  forming  from  the  atrophying,  catarrhal 
and  proliferative  acini.  Their  persistence  is  analogous  to 
what  is  found  in  any  injured  or  atrophic  tissue,  in  which 
remnants  are  apt  to  survive  for  long  periods. 

After  five  or  six  months  practically  no  further  change 
seems  to  occur.  Indeed  it  might  be  said  that  the  changes 
after  two  months  are  comparatively  slight. 


Digitized  by  CjOOQIC 


408  MILNE  AND   PETERS. 

In  rabbits  very  clear  pictures  are  obtained,  as  their  pan- 
creas has  very  large  clear-celled  acini  and  their  islands  are 
abo  very  distinctive.  After  ligature  of  the  pancreatic  duct, 
even  more  rapidly  than  in  the  cat,  the  lobules  shrink  and  are 
replaced  by  fibrous  tissue.  A  week  after  the  operation  the 
acinous  cells  have  become  very  atrophic,  but  catarrhal 
desquamation  of  the  cells  is  not  so  marked.  After  ten  days 
the  "islands"  can  still  t>e  observed,  but  in  many  places  are 
disappearing  along  with  the  pancreas  acini. 

After  two  months  the  entire  separated  portion  of  the 
pancreas  has  been  replaced  by  fibrous  tissue  except  for  small 
scattered  groups  of  very  atrophic  acini  (Fig.  9).  As  in  the 
cat,  however,  there  are  occasionally  found  clumps  of  closely 
packed,  large  clear  cells  of  a  type  resembling  the  typical 
"  island  "  without  the  same  trabecular  arrangement.  Also 
nearly  all  of  these  groups  of  better  preserved  cells  are  found 
at  the  periphery  of  some  atrophied  acini  which  very  com- 
monly arc  in  direct  connection  with  them  (Fig.  10). 

In  dogs  a  rather  different  picture  is  generally  obtained. 
The  tendency  to  reunion  of  the  separate  ends  of  the  pancreas 
is  remarkable.  In  one  dog  the  divided  ends  of  the  pancreas 
had  reunited  so  that  after  six  weeks  the  point  of  separation 
could  not  be  found  and  there  was  only  a  very  slight  degree 
of  patchy  fibrosis  in  the  part  which  had  been  isolated.  In 
another  dog  after  two  months  the  separated  tail  end  of  the 
pancreas  did  not  seem  to  be  reduced  in  size  and  had  reunited 
with  the  duodenal  portion.  On  section  of  this  portion  which 
had  been  separated  off  it  was  found  to  be  chiefly  composed 
of  dense  white  fibrous  tissue  including  numerous  brownish 
gray  soft  areas  an  eighth  to  a  quarter  of  an  inch  in  size 
which  closely  resembled  normal  pancreas.  These  parenchy- 
matous areas  were  uniformly  scattered  through  the  separated 
part  and  not  only  close  to  the  duodenal  attachment.  On 
microscopic  section  of  these  parenchymatous  nodules  enclosed 
in  fibrous  tissue  they  were  found  to  be  composed  of  some- 
what altered  pancreas  tissue.  The  acini  were  slightly  smaller 
than  normal.     Their  lumen  was  not  dilated  nor  was  there  any 
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catarrh.  The  lining  cells  of  the  acini  were  much  less  granular 
and  took  basic  stains  much  more  deeply  than  the  normal 
pancreas.  Also  the  chromatin  of  their  nuclei  was  abnor- 
mally dense.  In  these  areas  it  was  rare  to  find  any  definite 
Langerhans'  islands. 

Usually,  however,  in  dogs  where  reunion  has  not  occurred, 
the  atrophy  of  the  pancreas  is  very  complete.  After  ten 
days  the  same  atrophy  and  catarrh  as  in  cats  may  be 
noticed,  and  also  commencing  signs  of  lymphocyte  invasion 
and  commencing  fibrous  tissue  replacement.  Even  after 
three  months  when  the  separated  portion  of  the  pancreas 
has  become  only  a  thin  fibrous  strand  it  contains  similar 
small  nodules  of  only  slightly  altered  pancreas  tissue  (Fig. 
11).  These  small  nodules  only  rarely  contain  structures 
which  closely  resemble  **  islands.**  Occasionally  at  the  edge 
of  these  parenchymatous  nodules  there  may  be  seen  groups 
of  small  pale  cells,  to  some  extent  resembling  the  normal 
"islands"  of  a  dog,  but  which  generally  can  be  traced  to 
some  connection  with  a  neighboring  acinus  (Fig.  12). 

The  morphological  appearances  in  all  these  instances 
seem  to  show  that  following  ligature  of  the  pancreatic  duct 
the  pancreas  acini  rapidly  become  atrophied.  In  occasional 
places  certain  acini  persist  either  in  a  well  preserved  state  or 
with  their  cells  grouped  together  in  solid  clumps.  These 
solid  clumps  of  cells  have  some  resemblance  to  Langerhans* 
islands,  yet  are  much  fewer  in  number  than  the  normal 
"  islands  *'  and  the  development  of  similar  structures  can  be 
traced  from  atrophic  catarrhal  acini.  As  regards  the  fate 
of  the  "  islands  "  they  seemed  to  atrophy  with  the  rest  of 
the  pancreas.  Many  assumed  appearances  indistinguishable 
from  the  surrounding  atrophying  acini  and  not  infrequently 
presented  evidences  which  were  suggestive  of  an  attempt  to 
ftrm  acinous  tissue. 

The  help  that  may  be  obtained  from  differential  staining 
methods  as  advocated  by  Bensley  and  Lane '  in  the  normal 
pancreas,  and  recently  affirmed  by  Miss  Kirkbride^  after 
ligature  of  the  pancreatic  duct,  is  not  what  might  be 
expected.     This  differential  stain  works  well  in  the  normal 
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guinea-pig,  but  at  least  in  our  experience  the  areas  differen- 
tiated are  often  quite  indistinguishable  morphologically  from 
ordinary  acini.  Sometimes,  also,  a  whole  lobule  seems  to 
take  the  "  island  "  stain.  In  dogs  the  elements  of  the  pan- 
creas seem  to  stain  the  reverse  way  to  guinea-pigs.  In 
pathological  processes  the  pancreas  acini  seem  frequently  to 
become  modified  so  that  their  differential  staining  becomes 
very  uncertain.  We  were  unsuccessful  in  getting  any  results 
from  differential  staining  of  the  pancreas  of  cats  or  dogs 
which  were  in  any  way  convincing  that  the  **  islands  "  alone 
persisted  after  ligature  of  the  pancreatic  duct. 

Indeed  if  the  *•  islands  "  should  be  the  only  structures 
remaining  after  ligature  of  the  pancreatic  duct  it  would  not 
necessarily  indicate  that  they  were  the  essential  controlling 
elements  of  the  normal  pancreas  in  sugar  metabolism. 
They  might  be  portions  of  undifferentiated  pancreas,  poten- 
tially capable  of  development  into  new  pancreas  tissue  or  of 
performing  some  of  the  functions  of  the  pancreas.  Their 
independent  anatomical  existence,  even  in  the  normal  pan- 
creas, is  questionable.  Undoubtedly  they  exist  in  large 
numbers  in  the  embyro  and  can  be  shown  to  be  derived 
from  the  same  source  as  the  pancreas  acini.  Also  by  serial 
sections  the  •*  islands  "  can  generally  be  shown  to  have  inti- 
mate connections  with  the  pancreatic  tubules  and  sometimes 
also  with  the  ducts.  Farther  even  in  the  normal  animal  the 
*'  islands  "  are  very  irregular  in  type  and  apparent  transitions 
may  be  observed  from  acini  to  islands  and  sometimes  also 
vice  versa.  Hyaline  degeneration  occurring  in  the  islands 
alone  has  been  noted  in  the  pancreas  of  some  diabetic  cases 
and  been  argued  as  a  convincing  proof  of  the  functional 
importance  and  independence  of  the  **  islands."  Yet  we  have 
not  uncommonly  observed  in  the  pancreas  of  old  non-diabetic 
subjects  that  the  "  islands "  showed  extensive  hyaline 
changes.  Further,  similar  hyaline  changes  are  common  in 
the  pancreas  acini  of  normal  animals  (Fig.  13).  Sometimes 
also  this  hyaline  process  produces  disintegration  and  pro- 
liferation of  the  acinous  cells  forming  areas  indistinguishable 
from  islands. 
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In  the  examination  of  the  human  pancreas  in  diseased  con- 
ditions, appearances  of  transition  from  islands  to  acini  and 
vice  versa  are  extremely  common.  (Some  of  these  figures 
have  been  illustrated  by  one  of  us  in  the  Amercian  Journal 
of  the  Medical  Sciences,  January,  19 12.)  It  is  not  infre- 
quent to  find  in  certain  old  subjects  that  large  areas  of  the 
pancreas  have  been  entirely  transformed  into  islands.  Indeed 
after  a  study  of  the  human  pancreas  in  various  pathological 
conditions  the  conclusion  is  almost  convincingly  suggested 
that  the  "  islands  "  are  merely  resting  undifferentiated  pan- 
creas tissue  and  that  this  is  capable,  in  case  of  insufficiency 
of  the  organ,  of  changing  into  definite  pancreas  acini.  This 
explains  the  common  finding  of  completely  isolated  definite 
acinous  cells  in  the  **  islands  *'  and  also  how  in  many  cases 
of  diabetes  the  number  of  **  islands  "  is  so  markedly  reduced 
in  number  without  leaving  any  scars  or  remnants  in  their 
places. 

Perhaps  the  most  convincing  demonstration  of  the  relative 
importance  of  the  acini  and  *'  islands  "  of  the  pancreas  is 
found  in  animals  where  pancreatectomy  has  been  incom- 
plete. In  <logs  a  very  minute  fragment,  may  be  no  larger 
than  a  pea,  if  allowed  to  remain  prevents  diabetes.  This 
fragment  becomes  very  hypertrophic.  The  acini  become 
very  large  and  as  a  rule  become  less  granular.  The  islands 
do  not,  however,  become  more  numerous  or  larger,  and  in 
many  cases  no  islands  can  be  found. 

In  the  atrophy  of  the  pancreas  which  follows  ligature  of 
the  pancreatic  duct  some  of  the  **  islands  *'  may  persist 
unchanged,  but  for  the  most  part  the  •*  islands  *'  atrophy 
with  the  adjacent  acini  or  else  assume  appearances  indis- 
tinguishable from  the  atrophying  catarrhal  acini.  The  great 
majority  of  the  structures  which  persist  after  ligature  of  the 
pancreas  are  really  the  remnants  of  the  atrophied  acinous 
pancreatic  tissue,  and  collectively  represent  a  sufficient 
amount  of  pancreas  tissue  to  prevent  diabetes.  They  are 
cut  ofT  from  any  external  secretion  and  lose  their  typical 
physical  appearances,  but  do  retain  that  special  function  of 
the  pancreas  which  is  indispensable  to  metabolism. 
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DESCRIPTION  OF   PLATES. 

platk  xvni. 

Fig.  I.  —  Pancreas  of  a  cat.ten  dajs  after  ligature  of  the  pancreatic  duct, 
showing  atrophy  of  the  acinous  cells. 

Fig.  2.  —  Pancreas  of  a  man,  age  thirty-four,  who  died  from  diabetes  of 
a  very  rapid  and  severe  type.  In  this  case  there  is  general  atrophy  of  the 
pancreas.  Almost  no  'islands'*  can  be  distinguished  nor  any  scars  or 
hyaline  degeneration  where  they  might  have  been.  It  closely  resembles 
the  picture  shown  in  Fig.  i. 

Fig.  3.  —  Pancreas  of  a  cat  seventeen  days  after  ligature  of  the  pancre- 
atic duct.  The  acini  are  slightly  distended  and  the  lining  cells  very 
catarrhal. 

Fig.  4.  —  Pancreas  of  a  cat  seventeen  days  after  ligature  of  the  pancre- 
atic  duct  The  acini  show  marked  catarrh.  The  acinous  cells  can  be 
seen  in  certain  places  to  be  changes  into  clumps  of  small  round  darklj 
staining  cells. 

Plate  XIX. 

Fig.  5.  —  Pancreas  of  a  cat  twenty-four  days  after  ligature  of  the  pancre- 
atic duct.  The  acini  for  the  most  part  have  become  extremely  atrophied 
and  are  collected  in  clumps  surrounded  by  fibrous  tissue.  The  atrophj  is 
not  regular  as  numerous  better  preserved  pancreatic  acini  can  also  be  seen. 

Fig.  6.  —Pancreas  of  a  cat  thirty-seven  days  after  ligature  of  the  pan- 
creatic duct.  The  acini  are  all  extremely  atrophied  and  collected  in  clumps 
surrounded  by  fibrous  tissue. 

Fig.  7.  —  Pancreas  of  a  cat  thirteen  weeks  after  ligature  of  the  pancre- 
atic duct.     Only  small  groups  of  attenuated  acinous  cells  remain. 

Fig.  8.  —  Pancreas  of  a  cat  five  months  after  ligature  of  the  pancreatic 
duct,  showing  clump  of  large,  clear,  closely  packed  cells  included  among 
atrophic  pancreas  acini  and  fibrous  tissue. 

Plate  XX. 

Fig.  9.  —  Pancreas  of  a  rabbit  nine  weeks  after  ligature  of  the  pancre- 
atic duct,  showing  groups  of  acini  iml>edded  in  fibrous  tissue. 

Fig.  10.  —  Pancreas  of  a  rabbit  ten  weeks  after  ligature  of  the  pancre- 
atic duct,  showing  inclusion  of  a  clump  of  large  clear  cells  amongst  the 
atrophic  remains  of  the  acini.  These  clumps  can  be  seen  to  be  connected 
directly  with  the  neighboring  acini. 
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Fio.  II.  —  Pancreas  of  a  dog  three  months  after  ligature  of  the  pancre- 
atic duct.  The  portion  of  the  pancreas  isolated  in  this  case  was  repre- 
sented bjr  a  thin  strand  of  fibrous  tissue.  Included  in  this  were  several 
nodules  of  hjpertrophic  pancreas  acini  which  seemed  to  contain  no 
''  islands." 

Fio.  12.  Pancreas  of  a  dog  seven  weeks  after  ligature  of  the  pancreatic 
duct  showing  a  group  of  pancreas  acini  included  in  the  isolated  atrophic 
part  of  the  pancreas.  A  group  of  clear  cells  not  unlike  a  normal  **  island  ** 
of  the  dog's  pancreas  is  seen  connected  with  a  hypertrophic  acinus. 

Fig.  13.  —  Pancreas  of  a  normal  dog  showing  hjaline  transformation  of 
an  acinus  (fixed  immediately  after  death,  in  corrosive  sublimate). 
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OBSERVATIONS   OF  THE   GLYCOLYTIC    POWER  OF  THE  BLOOD 
AND  TISSUES   IN   NORMAL   AND    DIABETIC   CONDITIONS.* 

Lindsay  S.  Milne,  M.D. 

AND 

H.  LeBaron  Peters,  M.D. 
(^Russell  Sage  Institute  of  Pathology,  New  York.) 

In  numerous  works  particularly  relating  to  the  etiology  of 
diabetes  it  has  been  noted  that  the  blood  possesses  some 
glycolytic  power.  Indeed,  one  of  the  prevailing  conceptions 
of  diabetes  is  based  on  the  failure  of  the  normal  glycolytic 
action.  Claude  Bernard  was  the  first  to  consider  such  an 
idea,  having  observed  that  the  sugar  content  of  blood  stand- 
ing at  15**  C.  gradually  diminished.  Lupine  (1890),  how- 
ever, was  the  first  to  attempt  the  exclusion  of  bacterial 
infection  from  his  results.  He  considered  that  the  destruc- 
tion of  glucose  was  brought  about  by  a  ferment  which  was 
produced  in  the  pancreas,  and  in  disease  of  that  organ  it  was 
absent,  thereby  causing  glycosuria.  This,  however,  has  been 
denied  by  Kraus,  Minkowski,  and  others.  Loewy  and  Rich- 
ter  found  that  hyperleucocytic  bloods  were  more  glycolytic 
than  normal.  Also  it  has  recently  been  claimed  by  Abder- 
halden  and  Rathsmann  that  the  normal  serum  of  the  dog 
possesses  no  glycolytic  activity,  but  that  after  a  large  meal 
or  the  ingestion  of  large  quantities  of  sugar,  a  marked  glyco- 
lytic power  is  developed  in  the  serum. 

The  following  work  has  been  carried  out  to  determine  if 
the  blood  possesses  or  can  acquire  any  glycolytic  power,  and 
the  difference  in  this  relation  between  normal  and  diabetic 
animals. 

Varying  quantities  of  serum  were  added  to  sugar  solutions 
and  the  sugar  content  of  the  mixture  determined  after  differ- 
ent lengths  of  time. 

The  method  of  sugar  estimation  which  proved  most  satisfactory  was 
that  described  by  Bertrand.     This  depends  upon  the  reduction  of  copper 

♦  Received  for  publication  April  29, 1912. 
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sulphate  in  the  presence  of  an  alkali  by  glucose  and  the  subsequent  esti- 
mation of  the  reduced  copper  oxide  by  a  ferric  sulphate  solution.  The 
ferric  is  converted  into  a  ferrous  salt  by  the  copper  oxide,  and  the  amount 
of  conversion  estimated  by  titration  with  a  standard  potassium  perman- 
ganate solution.  The  solutions  used  are:  (i)  copper  sulphate,  40  grams 
per  1,000  cubic  centimeters;  (2)  Rochelle  salt,  200  grams,  sodium 
hydrate,  150  grams  per  1,000 cubic  centimeters;  (3)  ferric  sulphate,  50 
grams,  ac.  sulphuric,  200  grams  per  1,000  cubic  centimeters;  (4)  potas- 
sium permanganate,  5  grams  per  1,000  cubic  centimeters.  The  sugar 
solution  is  boiled  for  three  minutes  with  a  mixture  of  equal  parts  of  solu- 
tions (i)  and  (2)  and  the  precipitated  copper  oxide  collected  in  a  Gooch 
filter  and  washed.  It  is  then  dissolved  in  the  ferric  sulphate  solution 
and  the  amount  of  conversion  into  ferrous  sulphate  estimated  by  titradon 
with  potassium  permanganate.  This  corresponds  to  a  certain  amount  of 
sugar  which  can  be  estimated  by  Bertrand^s  tables. 

Dealbuminizing  where  necessary  was  done  by  adding  sodium  sulphate 
and  acetic  acid  in  the  following  proportions :  saturated  sodium  sulphate, 
15  cubic  cendmeters ;  2  per  cent  acetic  acid,  10  cubic  centimeters;  serum 
or  blood,  35  cubic  centimeters;  make  up  volume  to  150  cubic  centimeters 
with  distilled  water  and  heat  slowly  to  boiling  point.  Practically  the  entire 
amount  of  sugar  can  be  recovered  by  this  method  and  it  does  not  inter- 
fere in  any  way  with  the  subsequent  sugar  estimation.  Dealbuminizing 
is,  however,  not  absolutely  necessary  when  Bertrand^s  method  of  sugar 
estimation  is  employed,  as  the  albuminous  precipitate  does  not  seem  to 
alter  the  amount  of  copper  deposited.  Without  dealbuminizing,  however, 
filtration  is  often  extremely  slow. 

The  sugar  was  dissolved  in  Lockers  solution  (Nacl,  .9  per  cent ;  Kcl, 
.042  per  cent;  Gael],  .024  per  cent;  NaHCoa,  .02  per  cent).  The  same 
results,  however,  were  always  obtained  when  either  normal  saline  (.9  per 
cent  Nacl)  or  distilled  water  alone  were  used. 

The  blood  was  drawn  from  the  femoral  artery  with  strict  aseptic  precau- 
tions, local  anesthesia  being  employed.  As  bacterial  growth  destroys 
sugar  with  great  rapidity  the  greatest  care  had  to  be  observed  in  the  whole 
process  of  examination  to  avoid  contamination.  Indeed  in  those  tests 
which  became  infected  the  small  quantity  of  dextrose  originally  present 
had  generally  almost  completely  disappeared  after  twenty-four  hours^  incu- 
bation at  370  C. 

As  regards  the  action  of  blood  serum  on  sugar,  the  serum 
of  normal  dogs  seems  to  have  no  influence  on  dextrose 
(Table  I.).  The  discrepancies  in  the  results  are  very  slight, 
and  are  probably  the  result  of  dealbuminizing  or  in  the 
quantitative  estimation  of  the  sugar.  Five  cubic  centimeters 
of  a  one  per  cent  solution  of  dextrose  show  no  diminution 
in  quantity  of  sugar  after  twenty-four  hours  when  incubated 
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at  37**  C.  with  five  or  one  cubic  centimeter  of  the  serum  of 
a  dog  fasting  twenty-four  hours  before  bleeding.  This  table 
also  shows  that  if  defibrinated  blood  instead  of  serum  is  used 
a  considerable  amount  of  dextrose  is  removed  from  the  solu- 
tion. In  four  hours  a  small  amount  of  the  dextrose  is 
absorbed  and  in  twenty-four  hours  as  much  as  one-third  may 
have  been  lost.  After  forty-eight  hours  a  still  further  reduc- 
tion takes  place  (Table  II.  (i)).  This  action,  however,  is 
prevented  and  the  entire  amount  of  dextrose  may  be  recov- 
ered if  the  blood  is  previously  hemolyzed  by  the  addition  of 
distilled  water.  This  would  seem  to  indicate  that  the  dex- 
trose is  destroyed  by  some  vital  process  of  the  blood  cells 
and  not  by  any  action  of  the  serum.  The  sugar  taken  up  by 
the  blood  corpuscles  is  not  merely  stored  up  as  glycogen, 
but  to  a  large  extent  is  utilized  by  them  in  their  metabolism 
and  so  altered  that  it  cannot  be  recovered  as  dextrose.  This 
can  be  shown  by  incubating  two  similarly  prepared  blood 
and  dextrose  mixtures  for  twenty-four  hours  at  37°  C.  Both 
are  then  dealbuminized.  If  one  of  them  is  now  boiled  for 
one  and  one-half  hours  with  .5  per  cent  hydrochloric  acid, 
then  neutralized  with  sodium  hydrate,  it  is  found  to  contain 
a  slightly  higher  amount  of  dextrose,  which  is  probably 
derived  from  the  conversion  of  glycogen  stored  in  the  cells 
(Table  I.  (7),  Table  II.  ( i).  Table  III.  (10),  (11)). 

As  regards  the  possibility  of  the  development  of  sugar- 
destroying  ferments  in  the  blood  after  feeding,  it  has  been 
claimed  by  Abderhalden  and  Rathsmann  that,  after  a  meal, 
or  the  administration  of  a  large  quantity  of  sugar  in  dogs, 
the  blood  serum  acquires  marked  glycolytic  properties.  On 
polariscopic  examination  of  serum-dextrose  mixtures  at 
varying  periods  they  observed  a  great  reduction  in  the  sugar 
content. 

Table  II.  does  not  confirm  this  result,  as  far  as  can  be 
determined  by  estimating  with  a  copper  precipitation  method. 
Neither  saccharose  nor  dextrose  given  in  large  quantities 
could  be  shown  to  produce  in  the  serum  any  glycolytic 
activity.  Similarly  after  a  large  meal  there  seemed  to  be  no 
glycolytic  agent  developed  in  the  serum  (Table  II.  (12)). 
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In  depancreatized  diabetic  dogs  (Table  III.),  as  in  the 
normal,  the  serum  possesses  no  power  of  destroying  dex- 
trose. It  is  interesting,  however,  inasmuch  as  one  of  the 
theories  of  diabetes  depends  on  the  idea  that  the  cells  have 
lost  their  power  of  taking  up  or  using  glucose,  to  find  in 
dogs  made  diabetic  either  by  removal  of  the  pancreas  or  by 
the  administration  of  phlorizin  that  the  blood  corpuscles  seem 
to  show  no  diminution  from  the  normal  in  their  ability  to 
take  up  dextrose.  In  this  series,  also,  the  addition  of  water 
can  prevent  any  sugar  being  destroyed  and,  as  in  the  normal 
blood,  only  a  limited  amount  of  the  sugar  taken  up  by  the 
blood  cells  can  be  converted  back  to  dextrose.  It  may  be 
argued  that  the  blood  cells  are  independent  structures  and 
do  not  represent  the  general  condition  of  the  cells  of  the 
body,  but  we  have  also  found  that  the  other  tissues  of  diabetic 
dogs  can  take  up  dextrose  as  in  the  normal. 

Table  IV.  indicates  the  result  of  perfusion  of  sugar  solu- 
tion through  the  liver  and  limbs  of  normal  and  depancreatized 
diabetic  dogs. 

The  perfusion  fluid  was  composed  of  dextrose  one  per 
cent  in  Locke's  solution  and  was  passed  through  at  37*  C. 
The  limb  or  liver  of  the  animal  was  removed  from  the  body 
after  the  animal  had  been  killed  by  bleeding.  The  limb  was 
first  perfused  with  one  thousand  cubic  centimeters  Locke's 
solution,  then  with  two  hundred  and  fifty  cubic  centimeters 
Locke's  solution  containing  one  per  cent  dextrose.  After 
this  five  hundred  to  eight  hundred  cubic  centimeters  of 
oxygenated  dextrose  solution  were  circulated  through  the 
limb  for  one  hour.  From  this  third  perfusion  the  loss  of 
sugar  noted  in  Table  IV.  was  estimated.  As  an  average, 
eight  hundred  cubic  centimeters  perfused  through  a  limb 
six  to  eight  times  in  an  hour  and  through  the  liver  twelve  to 
fifteen  times  per  hour.  Estimations  were  made  from  the 
perfusion  fluid  at  quarter-hour  intervals. 

In  the  initial  muscle  perfusion  with  Locke's  solution  prac- 
tically no  sugar  could  be  found,  but  in  the  liver  there  was 
quite  an  appreciable  trace.  In  the  course  of  the  perfusion 
the    estimations    at  various  intervals  before  the  final  result 
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showed  a  gradual  decline  in  the  sugar  content  of  the  per- 
fusion fluid  indicating  the  continued  absorption  of  a  consid- 
erable amount  of  dextrose.  Perfusion  of  the  liver,  however, 
in  several  instances  showed  a  slight  gain  in  the  dextrose 
content.  This  was  noticed  particularly  where  the  temper- 
ature of  the  fluid  perfusing  the  liver  was  much  above  or 
below  37**  C.  (Table  IV.  (12)). 

Depancreatized  diabetic  dogs  gave  a  similar  or  even  more 
marked  result  which  indicates  that  the  tissues  as  well  as  the 
blood  corpuscles  of  the  diabetic  cannot  only  take  up  dex- 
trose but  may  have  even  a  greater  than  normal  power  in 
this  direction. 

It  has  been  claimed  that  the  muscles  possess  very  little 
power  of  taking  up  dextrose  except  when  influenced  by 
some  activating  substance  derived  from  the  pancreas,  yet  the 
isolated  organs  of  the  diabetic  as  in  the  normal  can  absorb 
a  considerable  quantity  of  glucose.  Also,  as  is  shown  in 
Table  IV.  (3)  and  (4),  the  perfusion  of  a  pancreas  in  the 
same  circuit  as  a  limb  makes  very  little  difference  in  the 
amount  of  sugar  removed  from  the  solution. 

If  the  blood  serum  can  be  shown  to  have  no  apparent 
aclson  on  dextrose  its  results  on  glycogen  are  very  different. 
The  serum  seems  to  contain  some  substance  which  has  the 
power  of  converting  glycogen  into  dextrose.  In  the  dog 
this  action  is  particularly  marked  and  is  eight  to  ten  times 
stronger  than  in  human  serum.  This  substance  in  the  serum 
has  the  characteristics  of  an  enzyme,  a  small  amount  eventu- 
ally completely  converting  a  relatively  large  quantity  of 
glycogen.  The  rate  of  conversion  of  a  given  amount  of 
glycogen,  however,  depends  on  the  amount  of  serum. 
Table  V.  shows  that  this  enzyme  can  produce  dextrose  from 
glycogen  in  very  definite  proportions.  For  instance  ten 
cubic  centimeters  of  one  per  cent  glycogen  is  almost  com- 
pletely converted  into  dextrose  by  five  cubic  centimeters 
dog's  serum  in  four  hours  at  37®  C,  whereas  one-half  cubic 
centimeter  serum  has  been  able  to  convert  only  a  very  small 
proportion  of  the  glycogen.  Only  after  three  days  with 
one- half  cubic  centimeter  serum  does  the  amount  converted 
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approach  that  produced  by  five  cubic  centimeters  serum  in 
four  hours. 

This  glycogen  converting  enzyme  has  certain  definite 
properties.  It  is  comparatively  stable  and  docs  not  markedly 
lose  its  power  until  twenty-four  hours  after  the  blood  is 
drawn.  It  may  retain  its  activity  unimpaired  for  a  consider- 
ably longer  period  if  the  serum  is  kept  in  a  refrigerator. 
The  optimum  temperature  for  its  activity  is  about  40*^  C. 
Its  action  is  reduced  by  about  half  at  15^  C.  and  arrested 
almost  completely  at  o®  C.  Dog  serum  incubated  at  56^  C. 
for  half  an  hour  loses  all  its  property  of  glycogen  conver- 
sion. This  diastatic  action  occurs  equally  well  if  the  glyco- 
gen is  dissolved  in  distilled  water,  in  .9  per  cent  sodium 
chloride,  or  in  Locke's  solution,  and  in  any  degree  of  dilu- 
tion. The  amount  of  glycogen  in  the  solution,  however, 
does  alter  the  result.  In  a  two  per  cent  solution  of  glycogen 
there  is  generally  considerably  more  conversion  than  in  one 
per  cent. 

Defibrinated  blood  converts  in  proportion  to  the  serum 
contained  in  it,  some  of  the  dextrose  produced  also  being 
taken  up  by  the  blood  corpuscles. 

In  comparative  estimations,  then,  of  the  diastatic  action-  of 
serum  on  glycogen,  the  temperature,  the  time  of  incubation, 
the  amount  of  serum  and  glycogen,  and  the  presence  of 
bacterial  infection  have  to  be  carefully  noted.  Also  the 
dogs  examined  must  all  be  about  the  same  size  and  age. 

Table  VI.  shows  the  action  of  normal  dog's  serum  on 
glycogen.  Dogs  of  a  certain  size  give  fairly  uniform  results. 
Large  dogs  (No.  9  and  No.  10),  however,  generally  give 
slightly  higher  figures.  It  can  also  be  seen  from  this  table 
that  in  fasting  the  diastatic  action  of  the  serum  is  not  lost, 
and  may  indeed  appear  to  be  slightly  increased  (Table  VI. 
(12),  (13)).  This  latter  condition  may  be  due,  however,  to 
the  fact  that  in  fasting  the  serum  becomes  extremely  con- 
centrated, and  therefore  the  amount  of  enzyme  per  volume 
might  be  increased.  The  ingestion  of  a  large  meat  or  car- 
bohydrate meal  or  a  large  amount  of  glucose  does  not  seem 
to  increase  the  power  of  the  serum  to  convert  glycogen  (Table 
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VI.  (14),  (15),  (16),  (17)).  This  enzyme  is  not  then  any 
immediate  result  of  the  ingestion  of  food. 

The  comparison  of  these  results  with  what  is  found  in 
diabetes  is  of  interest,  as  it  might  well  be  that  the  excessive 
amount  of  sugar  in  the  blood  is  produced  by  an  increased 
diastatic  action  of  the  serum  causing  an  excessive  conversion 
of  glycogen  into  glucose.  To  determine  this  a  series  of 
dogs  of  about  the  tame  size  as  used  for  estimation  of  the 
diastatic  value  of  the  normal  serum  were  depancreatized, 
and  in  this  relation  it  may  be  noted  that  the  persistence  of  a 
small  pancreatic  fragment  may  prevent  diabetes.  Also  even 
if  severe  glycosuria  does  result  after  the  operation,  recovery 
is  not  uncommon  and  the  autopsy  in  such  cases  reveals  a 
small  nodule  of  hypertrophic  pancreas  tissue,  maybe  no 
larger  than  a  pea. 

In  depancreatized  diabetic  dogs  the  diastatic  power  of  the 
serum  tends  to  become  slightly  increased  (Table  VII.).  It 
could  also  be  noted  that  in  those  dogs  where  glycosuria 
stopped,  the  diastatic  power  of  the  serum  became  much 
lower  than  during  the  diabetic  period  (Table  VII.  (12),  (13), 
(14)).  In  no  case,  however,  where  cither  partial  or  com- 
plete pancreectomy  was  performed  was  the  diastatic  action 
of  the  serum  diminished.  In  this  respect  it  varied  from  the 
results  reported  by  Gould  and  Carlson  on  starch.  They 
found  that  the  diastases  in  the  blood  serum  affecting  starch 
gained  markedly  in  power  after  ligature  of  the  pancreatic 
duct,  particularly  forty  to  seventy-two  hours  after  the  opera- 
tion, with  a  gradual  return  to  normal,  but  after  pancreatectomy 
became  much  reduced  in  strength,  and  only  after  some  time 
approximated  again  to  the  normal. 

It  may  be  that  this  increase  of  power  to  convert  glycogen 
in  diabetes  is  too  small  to  be  of  importance,  and  is  the 
result  of  lessened  alkalinity,  or  of  concentration  of  the 
serum.  In  fasting,  however,  there  may  be  much  greater 
concentration  of  the  serum  than  in  diabetes,  yet  the  diastatic 
action  is  not  so  powerful. 

If  now  the  tissues  in  pancreatic  diabetes  can  utilize  dex- 
trose, and  since  their  glycogen  content  is  usually  reduced. 
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the  disease  would  seem  to  depend  on  an  excessive  produc- 
tion of  glucose  from  stored  glycogen.  .This  increased  pro- 
duction may  be  the  result  of  the  failure  of  secretion  of  an 
antidiastatic  enzyme  or,  as  seems  more  probable,  due  to  the 
action  of  accumulated  substances  in  the  serum  which  nor- 
mally should  be  destroyed  or  altered  by  the  pancreas. 
These  substances  increase  slightly  the  diastatic  power  of 
the  serum,  but  their  chief  action  more  likely  is  in  the  direc- 
tion of  causing  the  tissue  cells  to  convert  their  store  of 
glycogen  into  glucose.  As  an  analogous  process  it  is  not 
unlike  what  in  certain  conditions  occurs  in  the  fat  metabo- 
'  lism  of  cells. 

When  the  amount  of  glycogen  stored  in  the  tissues  is 
reduced  by  starvation  then  the  sugar  excretion  is  naturally 
diminished.  Marcuse  has  shown  that  in  frogs  the  bulk  of 
the  glycogen  of  the  body  is  stored  in  the  liver,  and  after  the 
liver  is  removed  pancreatectomy  fails  to  produce  diabetes. 

In  phloridzin  diabetic  dogs  the  results  are  not  quite  simi- 
lar, as  there  does  not  seem  to  be  any  special  increase  of 
diastase  in  the  serum  (Table  VIII.).  In  this  series  large 
dogs  were  used.  They  were  first  bled,  then  injected  with 
phloridzin  and  two  to  four  hours  later  when  glycosuria  had 
become  evident  they  were  again  bled.  Several  dogs  were 
kept  phloridzinized  for  several  days,  but  as  long  as  there 
was  glycosuria  the  results  were  practically  the  same  as  in 
those  examined  earlier.  In  only  one  dog  (Table  VIII.  (5)) 
was  there  any  definite  diastase  increase.  In  Number  7  a 
slight  increase  may  be  noticed,  due,  however,  to  the  increased 
amount  of  sugar  in  the  serum.  Very  commonly  the  amount 
of  sugar  produced  from  glycogen  was  slightly  less  in  the 
second  bleeding,  four  hours  after  injection,  owing  probably 
to  dilution  of  the  serum.  It  was  uniformly  found  that  after 
the  glycosuria  had  passed  off,  the  power  of  the  serum  to 
convert  glycogen  was  considerably  lowered,  just  as  in  those 
depancreatized  diabetic  dogs  when  glycosuria  stopped. 

In  every  case,  also,  while  there  was  glycosuria,  the  amount 
of  sugar  in  the  blood  serum  appeared  to  be  slightly  increased. 
In  some  cases  (Nos.   I,  7,  8)  the  amount  of  sugar  in  the 
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serum  had  more  than  doubled.  In  cases  Nos.  2,  3,  4,  6, 
and  9  the  increase  was  only  very  slight.  This  increased 
sugar  in  the  serum  in  phloridzin  diabetes  has  also  been 
reported  by  Pavy,  Leone,  Coolen,  and  Bidel  and  Kolisch, 
but  a  hypoglycemia  as  noted  by  Minkowski  and  von  Meh- 
ring  has  been  practically  uniformly  described.  It  may  be 
doubted  if  this  slight  increase  of  sugar  in  the  serum  is  alone 
responsible  for  the  glycosuria,  yet  it  renders  the  explana- 
tion of  phloridzin  diabetes  on  a  purely  renal  basis  more 
difficult  to  understand,  even  although  one  agrees  that  an 
increased  quantity  of  sugar  may  be  passed  into  the  serum  to 
meet  a  demand  on  the  part  of  the  tissues  started  by  the 
drainage  of  sugar  from  the  blood  through  the  kidneys.  In 
this  relation  it  has  to  be  noted  that  only  very  slight  increase 
in  the  sugar  content  of  the  serum  may  be  associated  with 
glycosuria.  Thus  in  feeding  dogs  with  dextrose,  glycosuria 
(.6  per  cent)  may  exist  with  a  serum  containing  .18  per 
cent  sugar.  Indeed  a  concentration  of  over  .1  per  cent 
sugar  in  the  serum  is  apt  to  be  associated  with  glycosuria. 

Phloridzin  by  itself  in  alkaline  or  in  alcoholic  solution  has 
no  action  on  glycogen.  If  phloridzin  in  alkaline  (sodium 
carbonate  one  per  cent)  or  alcoholic  solution  be  added  to  a 
mixture  of  serum  and  glycogen,  then  there  is  rather  less 
dextrose  converted  than  the  corresponding  amount  of  serum 
alone  could  produce. 

Although  phloridzin  itself  does  not  change  glycogen  nor 
increase  the  diastatic  action  of  the  serum,  yet  there  are 
numerous  observations  which  indicate  that  phloridzin,  just  as 
pancreatic  diabetes,  is  associated  with  an  increased  produc- 
tion of  sugar  by  the  tissues.  It  has  been  shown  by  Pfluger 
and  Junkersdorf  that  glycogen  disappears  from  the  organs 
in  proportion  to  the  time  after  administration  of  phloridzin 
and  is  again  rapidly  restored  to  its  normal  amount  after  the 
glycosuria  stops.  Fischera  denied  these  results,  but  on 
grounds  which  have  been  criticised  by  Bleibtreu  and  Kato. 
Grube  perfused  the  livers  of  tortoises,  one  side  with  a  dex- 
trose solution  and  the  other  with  a  dextrose  solution  contain- 
ing phloridzin.     On  the  phloridzin  side  there  was  considerably 
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less  glycogen  and  he  concluded  that  phloridzin  caused  the 
tissues  to  lose  their  power  of  forming  glycogen.  The  same 
result  was  obtained  using  Ringer's  solution  in  place  of  dex- 
trose. Suckrow  got  much  the  same  results,  but  in  five  out  of 
fourteen  of  his  cases  there  was  more  glycogen  in  the  side  of 
the  liver  exposed  to  phloridzin.  He  also  showed  the  uncer- 
tainty of  such  results,  as  he  found  that  the  normal  glycogen 
content  of  the  two  sides  of  the  liver  may  vary  as  much  as 
15.4  per  cent.  Levene  found  that,  after  injection  of  phlorid- 
zin solution  into  the  kidney  the  sugar  content  of  the  organ  is 
increased  and  that  there  is  slightly  more  sugar  in  the  renal 
vein  than  the  renal  artery,  a  difficult  fact  to  explain  on  the 
theory  that  phloridzin  diabetes  was  simply  a  filtration  through 
the  kidney.  Cornevin  also  noted  that  the  milk  in  phloridzin 
diabetes  contains  an  increased  amount  of  sugar.  Again  it 
has  been  noticed  that  in  fasting  where  the  glycogen  content 
of  the  organ  is  much  reduced,  larger  doses  of  phloridzin  are 
necessary  to  produce  glycosuria. 

It  seems  possible  that  phloridzin  acts  in  the  direction  of 
causing  the  tissue  cells  to  form  dextrose  from  the  glycogen 
stored  in  them.  The  slight  increase  in  the  amount  of  serum 
sugar  may  be  and  probably  is  sufficient  to  cause  the  glyco- 
suria. It  is  difficult,  however,  to  disprove  any  change  in  the 
epithelium  of  the  excretory  organs  and  it  is  also  possible 
that  the  glucose  produced  from  glycogen  in  the  tissues  is  in 
a  condition  specially  easily  eliminated. 

In  ether  anesthesia  a  condition  is  produced  which  is 
closely  related  to  phloridzin  diabetes.  After  ether  anesthesia 
it  has  been  observed  by  King,  Hawk,  Selig,  McLoed,  and 
others,  that  glycosuria  is  common.  These  observers  also 
noted  that  the  sugar  content  of  the  blood  is  increased,  but 
generally  only  slightly.  Indeed  Hawk  doubted  that  it  was 
sufficient  to  cause  glycosuria.  He  considered,  however,  that 
the  hyperglycemia  was  the  result  of  an  increased  stimulation 
of  the  production  of  glucose  from  glycogen.  McLoed  and 
Pearce  also  showed  in  such  cases,  as  in  phloridzin  diabetes, 
that  the   glycogen   of    the    organs    becomes    considerably 
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diminished.  In  King's  experiments  the  increase  of  the 
sugar  content  of  the  blood  in  cases  of  glycosuria  after  ether 
anesthesia  varied  between  .049  per  cent  and  .184  per  cent. 
Sugar  was  found  in  the  urine  with  only  .111  per  cent  sugar 
in  the  serum. 

Sugar  puncture  of  the  medulla  oblongata  has  been  noticed 
to  be  followed  by  a  disappearance  of  glycogen  from  the 
liver.  Possibly,  however,  this  is  produced  by  vasomotor 
changes  causing  pancreatic  insufficiency,  as  it  is  known  that 
even  slight  alterations  of  the  vascular  supply  of  the  pancreas 
may  completely  arrest  its  action.  Adrenalin  painted  on  the 
pancreas  is  followed  by  glycosuria  to  a  greater  degree  than 
when  it  is  administered  in  any  other  way.  Further,  in 
fasting,  where  the  glycogen  of  the  organs  is  much  reduced, 
puncture  of  the  medulla  may  produce  no  glycosuria. 

In  all  forms  of  diabetes,  then,  either  as  the  result  of 
pancreatectomy,  ether,  sugar  puncture  of  the  brain,  or 
phloridzin,  there  is  a  rapid  diminution  of  glycogen  in  the 
tissues.  This  is  associated  with  an  increased  formation  of 
glucose,  at  times  considerable,  and  which  results  in  hyper- 
glycemia and  glycosuria.  The  ability  to  form  glycogen, 
however,  still  remains,  so  that  new  glycogen  can  continually 
be  produced. 

This  increased  conversion  of  glycogen  into  glucose  may 
be  considered  as  due  to  the  direct  action  of  certain  sub- 
stances, such  as  phloridzin,  ether,  or  products  retained  in  the 
serum  by  pancreatic  insufficiency,  which  increase  the  diastatic 
power  of  the  blood  serum,  or  act  on  the  tissue  cells  so  that 
they  rapidly  convert  their  stored  glycogen  into  glucose. 

CONCLUSIONS. 

1.  Normal  dog  serum  has  no  glycolytic  action  on 
glucose. 

2.  After  a  large  meal  or  the  administration  of  a  large 
quantity  of  dextrose  or  saccharose  the  serum  acquires  no 
glycolytic  power. 

3.  Blood  corpuscles  can  absorb  a  comparatively  large 
amount  of  glucose. 
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4.  Only  a  small  amouat  of  this  glucose  absorbed  by 
blood  corpuscles  can  be  recovered  as  dextrose. 

5.  The  blood  of  depancreatized  dogs  has  a  normal  or 
slightly  increased  power  of  taking  up  dextrose  and  only  a 
small  amount  of  this  can  be  recovered  as  dextrose. 

6.  The  tissues  of  depancreatized  diabetic  dogs  can  absorb 
as  much  as  normal,  or  more,  dextrose  from  a  perfusion  fluid. 

7.  Normal  dog  serum  has  a  marked  diastatic  action  on 
glycogen,  converting  it  into  glucose.  Its  strength  is  not 
altered  after  a  large  meal  or  administration  of  large  quanti- 
ties of  dextrose,  in  fasting,  or  in  phloridzin  diabetes,  but  is 
slightly,  often  markedly,  increased  in  depancreatized  diabetic 
dogs. 

8.  In  phloridzin  diabetes  the  sugar  content  of  the  serum 
is  slightly  increased,  often  in  sufficient  degree  to  easily 
account  for  its  elimination  in  the  urine. 
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Table  V. 
I  Results  in  milligrams  of  glucose.) 
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A  CONTRIBUTION  TO    THE    PATHOGENESIS    OF    B.    ABORTUS, 
BANG.  —  II.* 

Marshal  Fab  van,  M.D. 

(J*r0m  the  Laboratory  of  Comparative  Pathology^  Harvard  University  Medical 

School^  Boston^  Mass,) 

HISTORICAL  REVIEW. 

That  abortion  in  cattle  was  contagious  in  many  instances, 
and  might  spread  from  animal  to  animal  in  a  herd,  was 
known  to  farmers  and  breeders  in  the  early  part  of  the  nine- 
teenth century.  The  veterinarians  did  not,  however,  at  first 
accept  this  view.  It  was  considered  by  many  the  most  fatal 
disease,  after  tuberculosis,  to  which  cattle  were  susceptible. 

In  1826  Hutrel  d'Arboval,  a  Frenchman,  and  in  1834 
Youatt,  an  Englishman,^  came  to  the  conclusion  that  abor- 
tion often  was  contagious  and  not  due  to  environment  or 
accidents.     Their  work  was  confirmed  by  many  investigators. 

In  1878  Lehnert^  was  able  to  demonstrate  this  contagious- 
ness by  experiment.  He  caused  abortion  by  introducing 
into  the  vagina  of  pregnant  cows  the  vaginal  discharge  and 
placental  tissue  of  aborted  cases.  In  1880  this  was  con- 
firmed by  Brauer'  and  others. 

In  1886  Nocard*  made  extensive  bacteriological  investi- 
gations, studying  the  fetus  and  membranes  of  abortion  cases 
in  the  hope  of  isolating  the  definite  etiological  factor.  He 
was  able  to  obtain  a  bacillus  and  a  micrococcus  in  pure 
culture,  but  in  neither  of  these  was  he  able  to  produce 
abortion. 

In  1894  Sand*  also  asserted  the  infectious  character  of 
the  disease  and  gave  various  clinical  data. 

In  1895  B^ing  and  Stribolt^  were  able  to  demonstrate  the 
at  present  accepted  etiological  organism.  They  obtained  a 
cow  with  all  the  symptoms  of  impending  abortion  and,  hav- 
ing slaughtered  her,  removed  the  unopened  uterus  to  the 
laboratory.     This   was  opened  with  all  aseptic  precautions 

•  For  the  first  paper  see  Centralbl.  f.  Bakt.,  i  Abt.  Grig.  6i,  1912,  pp.  549-555. 
Received  for  publication  April  30.  19x2. 
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and  an  abundant  yellowish,  odorless  exudate  was  found 
between  the  uterine  mucosa  and  the  chorion.  This  exudate 
contained  numerous  very  small  bacilli,  apparently  in  pure 
culture.  These  were  found  singly,  and  in  clumps;  free,  and 
often  intracellular. 

They  were  able  to  grow  this  organism  in  a  solid  medium 
composed  of  equal  parts  of  .75  per  cent  agar,  five  per  cent 
gelatine   and   sterile  serum.     The  last  was  added  after  the 
agar  had   been   liquefied   and   cooled   to  45^  C.     The  still 
liquid  medium  was  then  inoculated  with  the  material,  gently 
agitated,  and  placed  in  cold  water  to  allow  rapid  solidifica- 
tion (this  medium  will  be  referred  to  as  A.  G.  S.),     At  the 
end  of  two  to  four  days'  incubation  at  37®  C.  they  found 
that  a  zone   of  growth   had   developed,  composed  of  very 
small  colonies,  the  largest  the  size  of  a  pinhead.     This  zone 
lay  one-half  centimeter  below  the  surface  of  the  medium  and 
was  of  a  thickness  of  one  to  one  and  one-half  centimeters.    If 
inoculated   tubes,  similar  to  the  above,  were  placed  in   an 
atmosphere  of  oxygen,  two  zones  of  growth  developed,  one 
near  the  surface  of  the  medium,  the  other  close  to  the  bottom. 
The  bacillus  might  also  be  made  to  grow  on  the  slanted  sur- 
face by  the  introduction  of  oxygen.    It  would  not  develop  in 
the  ordinary  atmosphere  nor  in  the  absence  of  oxygen  as 
produced   with   alkaline   pyrogallol.      No   growth   followed 
incubating  under  the  influence  of  carbon  dioxide  or  nitrogen. 
Exhausting  the  air  over  the  medium  caused  extension  of  the 
growth  to  the  surface  and  this  method  was  employed  in  mak- 
ing plate  cultures  but  was  not  reliable.    The  organism  might 
grow  in  serum  glycerine  bouillon.     They  concluded  that  the 
bacillus  was  neither  an  aerobe  nor  an  anaerobe,  but  lay  in  an 
intermediate  group  requiring  a  pressure  of  oxygen  less  than 
air.     By  their  method  they  were  able  to  isolate  B.  abortus 
in  a  number  of  cases  from  the  placenta.     Abortion  was  pro- 
duced with  these  isolated  cultures  by  injecting  healthy  preg- 
nant animals  in  various  ways.     The  intravenous  route  was 
apparently  the  most  certain. 

In  1 901   Preisz^  at  Budapest  isolated  a  similar  organism 
from  the  vaginal  discharge  of  a  case  of  abortion.     He  made 
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his  inoculations  directly  on  slanted  ordinary  agar  made  of 
meat  infusion,  peptone  and  salt,  and  after  passing  oxygen 
into  these  tubes  he  sealed  them  with  wax  and  obtained  a 
growth  visible  with  a  hand  lens  in  three  days.  Inoculated 
into  deep  dextrose  agar,  the  zonal  growth  appeared  lying 
seven  to  fifteen  millimeters  beneath  the  surface  of  the  medium. 
Stab  cultures  of  the  organism  rarely  reached  the  surface 
after  prolonged  incubation.  He  considered  that  his  medium 
was  as  favorable  as  the  A.  G.  S.  of  Bang.  He  was  able,  by 
using  alkaline  pyrogallol,  to  produce  a  growth  and  also  by 
using  acetylene  gas.  He  believed  that  in  these  two  instances 
growth  resulted  because  oxygen  was  not  wholly  absent.  He 
compared  the  organism  to  an  anaerobe,  but  B.  abortus  dif- 
fered in  that  it  would  also  grow  in  pure  oxygen.  Small 
pregnant  animals  were  injected  according  to  Bang's  method, 
but  without  positive  results,  and  he  concluded  that  his  inocu- 
lations were  made  too  early  or  his  cultures  had  been  grown 
too  long  artificially.  He  made  note  of  the  fact  that  no  local 
lesion  occurred  from  subcutaneous  inoculation. 

In  1908  Nowak,^  at  the  University  of  Krakau  in  Austria, 
took  up  the  study  of  this  organism,  being  attracted  by  its 
very  interesting  biological  characteristics.  He  stated  that 
its  behavior  towards  oxygen  was  not  without  example,  as 
was  demonstrated  by  the  work  of  Righi  and  Beijerinck.  In 
studying  pure  material  he  found  the  method  of  Bang  satis- 
factory, but  where  contaminations  were  present  the  growth 
might  easily  be  killed  out  or  masked.  The  broad  surface 
which  Petri  dishes  afforded  was  desirable  to  obtain  isolated 
colonies.  Preisz,  by  the  use  of  alkaline  pyrogallol,  had 
been  able  to  obtain  growth  on  plates,  but  it  was  impossible 
to  tell  how  much  absorption  had  occurred  and  his  results 
were  uncertain.  Nowak  therefore  sought  to  obtain  an 
oxygen  tension  less  than  air  by  the  use  of  a  closed  chamber 
containing  the  actively  growing  culture  of  an  organism  like 
B.  subtilis,  a  method  which  had  already  been  employed  in 
the  removal  of  oxygen  in  tetanus  cultures.  He  placed  tubes 
inoculated,  some  with  B.  subtilis  and  others  with  B.  abortus, 
in  a  glass  chamber  closed  with  paraffine  and  placed  this  in 
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the  incubator.  Satisfactory  results  were  obtained  when  the 
relation  of  the  surface  of  B.  subtilis  was  in  proper  propor- 
tion to  the  volume  of  the  chamber.  If  too  little  of  B. 
subtilis  was  present*  no  growth  resulted ;  if  too  much,  all  the 
oxygen  was  absorbed  and  B.  abortus  checked.  He  found 
one  square  centimeter  of  surface  growth  of  B.  subtilis  to 
fifteen  cubic  centimeters  of  volume  the  best  proportion. 
Different  varieties  of  B.  subtilis  gave  similar  results.  The 
tubes  inoculated  with  suspected  abortion  material  were  first 
incubated  twenty-four  hours  in  the  large  chamber  of  the 
incubator  in  order  to  develop  any  contaminations,  and  then 
incubated  under  the  influence  of  B.  subtilis,  when  typical 
colonies  developed  in  the  clear  areas.  He  tested  the  purity 
of  his  cultures  by  the  zonal  growth  of  Bang.  By  gradually 
using  less  of  B.  subtilis,  he  trained  B.  abortus  to  grow  in  a 
normal  atmosphere.  In  pure  oxygen  two  out  of  six  cultures 
grew.  Under  compression  he  obtained  good  results  from 
three  atmospheres  but  no  growth  at  six  atmospheres, 
although  when  this  latter  tube  was  placed  under  the  influence 
of  B.  subtilis  colonies  rapidly  developed.  By  his  technic  he 
was  able  to  obtain  many  cultures  from  the  fetus  and  vaginal 
discharge  where  other  methods  failed.  He  experimented 
only  on  small  animals,  and  produced  abortion  with  his  cult- 
ures by  the  subcutaneous,  intravenous,  and  intra-abdominal 
routes,  but  not  by  the  vagina  or  by  feeding. 

In  1909  McFadyean  and  Stockman  investigated  conta- 
gious abortion  in  Great  Britain  and  were  able  to  isolate  an 
organism  similar  to  the  one  obtained  by  Bang  in  Denmark. 
They  worked  almost  exclusively  with  the  A.  G.  S.  medium, 
but  observed  such  departures  from  the  ordinary  cultural 
characteristics  of  B.  abortus  that  they  were  obliged  to  test 
their  cultures  on  animals  to  be  sure  that  they  were  dealing 
with  the  same  organism.  Even  the  sub-surface  growth  in 
deep  medium  described  by  Bang  as  specific  for  B.  abortus 
could  not  be  relied  on,  for  in  one  instance  the  tubercle 
bacillus  grew  in  a  like  manner. 

They  considered  B.  abortus  a  strict  aerobe,  demonstrating 
that  anaerobic  conditions  proved  fatal  to  it.     The  organism 
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might  develop  in  an  atmosphere  of  coal  gas,  but  this  was 
explained  by  the  fact  that  all  the  oxygen  was  not  replaced. 
That  the  B.  abortus  does  absorb  oxygen  was  evident  from 
the  lessened  internal  pressure  in  the  inoculated  sealed  flasks 
after  prolonged  incubation  and  this  might  destroy  the  flask. 
They,  as  well  as  Nowak,  appreciated  the  fact  that  many  of 
their  tubes  remained  sterile  although  known  to  be  inoculated 
with  B.  abortus.  At  times  only  a  few  of  many  tubes  inoc- 
ulated and  incubated  alike  developed  colonies.  They  pro- 
duced abortion  experimentally  by  injecting  the  exudate  from 
cases  studied  and  also  the  cultures  isolated.  The  latter 
caused  abortion  more  constantly.  The  injections  were  made 
subcutaneously  and  intravenously  as  well  as  by  mouth  and 
vagina.  It  is  an  interesting  fact,  in  view  of  our  work,  that 
they  inoculated  each  of  two  guinea-pigs  with  two  cubic  cen- 
timeters of  emulsion  of  an  exudate,  one  into  the  peritoneum, 
the  other  subcutaneously.  The  exudate  was  known  to  con- 
tain B.  abortus  both  from  cultural  tests  and  further  animal 
experimentation.  However,  "  both  guinea-pigs  remained 
well  for  two  months  when  they  were  killed  and  examined. 
No  lesions  of  any  kind  were  found."  They  therefore  con- 
cluded that  the  exudate  contained  nothing  pathogenic  for 
non-pregnant  guinea-pigs. 

In  1910  Zwick^^  issued  a  preliminary  report  on  the  bac- 
teriological investigation  of  contagious  abortion  made  by  the 
German  Imperial  Health  Office.  It  was  demonstrated  that 
the  Bang  bacillus  was  the  etiological  factor  in  causing  this 
disease  in  England,  Germany,  Holland,  and  Denmark.  A 
series  of  cultures  showed  individual  diff*erences  among  dif- 
ferent strains,  but  the  organism  could  be  grown  readily  on 
various  ordinary  laboratory  media  and  they  confirmed 
Nowak's  observation  that  the  organism  could  be  made  to 
grow  readily  in  the  ordinary  atmosphere.  In  fact,  in  one  of 
their  cases  the  organism  was  grown  aerobically  from  the 
animal  body.  They  have  met  with  success  in  causing  abor- 
tion by  inoculations. 

In  this  country  the  disease  has  been  known  for  some  time 
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and  has  been  studied  in  the  Agricultural  Experiment  Stations 
of  Kansas,  Arizona,  Connecticut,  Illinois,  and  Wisconsin. 
Investigators  in  America  had  been  unable  to  confirm  Bang's 
researches,  and  in  1910  MacNeal  and  Kerr  ^^  studied  eigh- 
teen cases,  ten  normal  deliveries,  and  eight  premature,  of 
which  six  might  be  called,  clinically,  contagious  abortion. 
Of  these,  two  were  cultured  by  Nowak's  method  with  positive 
results. 

More  recently  Larson"  confirmed  the  presence  of  B. 
abortus,  Bang,  in  this  country,  by  complement-deviation 
tests  made  at  the  Wisconsin  Agricultural  Experiment  Station. 
Five  herds  showed  the  presence  of  this  organism.  (Within 
a  few  weeks  Larson  has  reported  some  interesting  results 
from  applying  the  complement-deviation  tests  to  human 
serum.) 

In  191 1  Holth  ^  described  his  method  for  isolating  and 
cultivating  B.  abortus.  Where  contaminations  were  present 
he  removed  conditions  favorable  for  their  growth  by  using 
oxygen  under  tension  in  a  sugar-free  serum  agar.  He  con- 
sidered the  method  of  Nowak  as  beset  with  more  difficulties 
than  sealing  the  tubes  after  the  injection  of  oxygen,  and 
described  an  apparatus  for  performing  this.  On  suitable 
media  the  growth  may  at  first  be  slow  and  poor  with  only  a 
few  organisms  developing,  but  they  may  be  readily  educated 
to  grow  profusely.  He  demonstrated  that  material  inocu- 
lated directly  from  the  fetus  to  slanted  serum  agar  gave  no 
growth  in  two  weeks*  incubation,  but  if  similar  tubes  were 
sealed  with  parafiine,  growth  might  sometimes  be  observed 
after  six  days.  The  explanation  offered  was  that  the  organ- 
isms by  using  the  oxygen  over  and  over  again  reduced  it  to 
the  proper  tension. 

Bang  considered  the  disease  a  uterine  catarrh,  the 
exudate  being  derived  from  the  mucous  membrane  of  the 
uterus.  McFadyean  and  Stockman  in  their  cases  of  abor- 
tion, produced  experimentally  and  otherwise,  described  the 
cotyledons  as  soft,  pulpy  and  of  a  gray,  yellowish,  anemic 
color.     At  times  the  exudate  seemed  to  lie  chiefly*  about 
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them,  but  in  one  instance,  although  the  exudate  was  marked, 
the  cotyledons  appeared  fairly  normal.  The  membranes 
were  extensively  or  only  slightly  involved.  Once  a  square 
inch  only,  near  the  os,  was  diseased.  WalP^  has  demon- 
strated that  the  uterine  tissue  first  involved  in  this  disease 
varies  according  to  the  entrance  of  infection.  When  it  is  by 
the  vagina  the  cotyledons  become  the  primary  seat  of  the 
disease ;  when  by  way  of  the  blood  the  mucous  membrane 
of  the  uterus  is  first  involved. 

Bang  noted  the  appearance  of  immunity  after  the  first  or 
second  abortion. 

Agglutination  did  not  take  place  in  normal  serum  in  a 
dilution  of  one  to  twenty-five  (McFadycan  and  Stockman) 
nor  one  to  twenty  (Zwick).  In  the  diseased  animals  agglu- 
tination was  obtained  in  a  dilution  of  one  to  five  hundred, 
one  hundred  and  twenty-four  days  before  term  according  to 
McFadyean  and  Stockman,  and  even  from  one  to  one  hun- 
dred to  one  to  ten  thousand,  according  to  Zwick.  Gronsted,^* 
working  with  Bang,  was  able  to  immunize  rabbits  until  their 
serum  had  an  agglutinative  power  of  one  to  six  hundred. 
He  found  that  the  serum  of  cows  suffering  from  this  disease 
had  an  agglutinative  power  from  one  to  twelve  hundred  to 
one  to  six  thousand  seven  hundred,  occurring  even  two 
months  before  term.  The  technic  of  complement-deviation 
has  also  been  developed  and  proves  more  delicate  than  the 
tests  by  agglutination. 

McFadyean  and  Stockman,  bethinking  themselves  of  the 
mallein  and  tuberculin  reactions,  proceeded  to  make  a  similar 
filtrate  which  they  called  **  abortin."  They  injected  ten 
cubic  centimeters  subcutaneously  and  if  at  the  eighth  hour 
the  animal's  temperature  was  104®  F.  or  more,  the  test  was 
considered  positive.  Zwick  stated  that  his  results  in  this 
line  seemed  encouraging,  but  to  date  were  too  limited  to  be 
of  importance.  Immunizing  has  been  fairly  successful. 
Hesse"  has  been  able  to  obtain  some  favorable  results  by 
injecting  the  bacterial  extract. 
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THE  INOCULATION  DISEASE  IN   GUINEA-PIGS. 

In  December,  1909,  we  received  material  from  a  valuable 
herd  of  dairy  cattle.  Abortion  had  occurred  in  two  or  three 
instances  and  material  was  sent  to  the  laboratory  in  the  hope 
that  means  of  prevention  might  be  found.  A  bit  of  cotyledon 
of  the  placenta  of  Cow  218  (number  g^ven  the  animal  in  this 
laboratory)  was  shaken  in  normal  salt  solution  and  one-half 
cubic  centimeter  of  this  fluid  was  injected  subcutaneously 
into  a  guinea-pig.  The  animal  to  all  appearances  remained 
in  perfect  condition  and,  having  gained  forty  per  cent  in 
weight,  was  killed  eleven  weeks  later  to  furnish  sterile  tissue 
for  some  anaerobic  culture  media.  It  was  then  found  that  the 
spleen  was  abnormally  large  as  were  also  the  lymph  nodes. 
The  case  was  therefore  investigated  with  some  detail  and 
besides  cultures  other  guinea-pigs  were  inoculated  with  its 
tissues.  Although  the  cultures  on  various  media  remained 
sterile,  the  guinea-pigs  in  every  instance  developed  marked 
enlargement  of  the  spleen  and  lymph  nodes.  The  virus  was 
thus  kept  alive  by  passage  through  guinea-pigs.  All  attempts 
to  grow  the  etiological  factor  outside  of  the  body  failed,  but 
in  one  instance  a  bit  of  spleen  transferred  to  a  fermentation 
tube  of  ordinary  bouillon  caused  clouding  of  the  media 
when  incubated.  A  fairly  large  anaerobic  bacillus  was 
demonstrated,  evidently  a  contamination.  In  fragments  of 
the  inoculated  tissue,  groups  of  a  minute  bacterium  were 
seen,  but  in  later  transfers  this  organism  could  not  be  found. 
After  four  transfers  extending  over  a  period  of  eleven  weeks 
and  again  after  four  more  transfers,  making  a  total  period  of 
twenty-seven  weeks  from  the  original  culture,  one  cubic 
centimeter  of  this  fluid  injected  into  a  guinea-pig  caused 
typical  lesions. 

It  became  of  interest  to  know  whether  we  were  dealing 
with  an  ultramicroscopic  virus  and  filtrates  from  shaken 
suspensions  of  infected  organs  were  injected,  but  no  disease 
developed. 

At  this  time  the  work  of  MacNeal  and  Kerr"  came  to  our 
notice  and  a  culture  of  B.  abortus  was  obtained  from  them 
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in  order  to  determine  if  the  etiological  factor  of  this  guinea- 
pig  disease  was  related  to  it.  Agglutination  tests  showed 
no  clumping  with  normal  guinea-pig  serum,  even  in  a  low 
dilution  of  one  to  ten,  but  in  the  serum  of  a  diseased  pig  the 
clumping  was  marked  in  dilutions  up  to  one  to  one  thou- 
sand, MacNeal's  Culture  I.  (our  laboratory  number  for  this 
culture)  was  injected  into  guinea-pigs  and  caused  the  same 
characteristic  lesions  already  noted.  About  this  time  pure 
cultures  of  a  similar  organism  were  obtained  from  both  the 
spleen  and  the  liver  of  two  of  the  original  series  (Culture  II. 
a  and  b).  One  of  these  animals  had  been  inoculated  with 
the  contaminated  culture,  the  other  directly  from  the  source 
of  that  culture.  Further  agglutination  tests  of  these  organ- 
isms thus  isolated  confirmed  our  previous  results,  for  the 
clumping  was  complete  in  the  serum  of  the  animal  inoculated 
with  B.  abortus  I.  in  a  one  to  one  thousand  and  slightly  in 
one  to  fifty  thousand  dilution.  Thus  we  were  dealing  in  all 
probability  with  B.  abortus.  We  will  now  go  somewhat  more 
into  detail  concerning  the  material  studied. 

Cow  No.  218.  —  This  cow  aborted  at  the  eighth  month  and  portions  of 
the  placenta  were  not  received  at  the  laboratory  until  six  days  afterwards. 
An  odor  of  creolin  or  some  other  disinfectant  was  perceptible.  Several 
of  the  cotyledons  had  a  yellowish  appearance  but  were  still  firm.  Others 
were  much  softened.  Smears  showed  the  presence  of  three  or  more 
species  of  bacteria.  The  cells  were  very  fiaitty.  From  this  case  Cultures 
II.  a  and  II;  b  were  obtained. 

Cow  No.  232.  —  The  placenta  in  this  case  came  from  an  abortion  at 
seven  months  and  was  only  forty-eight  hours  old.  It  was  the  second  case 
which  had  occurred  in  a  herd  in  a  week.  The  veterinarian  was  uncertain 
whether  to  call  this  **  Contagious  Abortion  *^  or  not,  as  the  cow  gave  birth 
to  three  calves  (triplets),  the  first  abortion  having  occiured  at  three  and 
one-half  months.  The  cotyledons  were  soft,  yellowish,  and  easily  scraped 
to  pieces.  Smears  showed  the  presence  of  a  fungus,  numbers  of  minute 
coccus-like  oxganisms,  and  some  large  bacilli.  B.  coli  and  a  streptococ- 
cus were  isolated  by  culture.  To  avoid  confusion  it  might  be  said  that 
6.  subtilis  was  not  employed  in  cultures  from  this  case,  and  guinea-pigs 
inoculated  with  the  tissue  gave  no  characteristic  lesions.  We  considered 
this  abortion  not  due  to  B.  abortus. 

Cow  No.  233.  —  Abortion  occurred  at  the  seventh  month.  The  mate- 
rial consisted  of  a  considerable  part  of  the  placenta  and  a  small  amount  of 
turbid  fluid.    The  odor  suggested  certain  kinds  of  cystitis,  but  there  was 
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no  potre£utioQ.  Smears  from  the  cotyledon  showed  several  groups  of 
ratnate  bacilli  after  mach  search.  No  other  bacteria  were  seen.  Caltnre 
HI.  came  from  this  case. 

G)W  No.  235.  —  The  placenta  came  from  a  six  months^  abortion.  The 
tissae  presented  a  very  edematous,  gelatinous  appearance  and  contained 
about  fifteen  cotyledons;  odor,  inoffensive.  The  cotyledons  varied  in 
size  and  in  the  amount  of  injection  and  infiltration  of  the  margins.  The 
central  portion  of  the  cotyledon  presented  a  yellow  fringe  of  villi,  but  in 
some  this  had  disappeared  and  there  was  a  punched-out  ulcer  with  a 
••  shorn  beard  "  base.  Two  or  three  cotyledons  were  markedly  injected. 
Between  these  numerous  superficial  ulcers  one  centimeter  in  diameter 
appeared,  slightly  opaque  and  having  a  yellow  granular  appearance. 
Smears  showed  a  few  minute  organisms  and  a  bacillus  present.  From 
this  case  Culture  V.  was  isolated. 

Cow  No.  234.  —  This  specimen  was  the  vaginal  discharge  following  an 
abortion  at  eight  months,  and  consisted  of  tenacious  mucus  of  brownish 
hue  containing  debris  such  as  straw  and  hair.  Few  organisms  could  be  seen 
in  smears  but  a  staphylococcus  was  isolated.  From  this  case  Culture  VI. 
was  obtained. 

In  addition  to  these  cultures  there  were  studied  a  culture  obtained  from 
Professor  W.  J.  MacNeal,  of  the  University  of  Illinois,  growing  on  a  tube 
of  blood  agar  which  was  designated  Culture  I.,  and  a  culture  firom  Pro- 
fessor Bang  of  Copenhagen,  Denmark,  in  capillary  tubes  of  serum  bouillon 
and  also  on  serum  agar.    This  was  designated  Culture  IV. 

The  material  to  be  inoculated  was  prepared  in  the  follow- 
ing manner:  In  the  case  of  a  placenta  one  or  two  cotyledons 
were  removed  and  washed  thoroughly  in  normal  salt  solu- 
tion, after  which  they  were  placed  in  sterile  Petri  dishes. 
With  a  sterile  knife  the  yellow  villi  and  basement  membrane 
were  scraped  ofT  and  added  to  a  small  amount  of  salt  solu- 
tion. This  suspension  was  shaken  and  was  then  ready  for 
inoculation.  The  vaginal  discharge  was  diluted  by  adding  a 
small  bit  to  salt  solution,  and  was  then  well  shaken.  In  the 
case  of  infected  guinea-pigs,  pieces  of  the  spleen  and  liver 
and  sometimes  the  kidney  and  lymph  nodes  were  removed 
aseptically  and  ground  with  salt  solution  in  an  agate  mortar 
or  Latapie  machine,  and  injected.  Filtrates  were  obtained 
from  the  ground  tissues  by  shaking  the  suspension  for  one 
hour  and  then  filtering  it  through  a  Berkefeld  filter. 

With  tissue  suspensions  one-half  to  five  cubic  centimeters 
were  injected  and  gave  positive  results  in  practically  every 
instance  (four  exceptions  mentioned  later).     Of  course  the 
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actual  number  of  B.  abortus  injected  was  very  uncertain 
as  the  prevalence  of  the  organism  in  the  tissue  was  not 
known.  If  contamination  with  other  bacteria  was  suspected, 
smaller  amounts  more  diluted  were  injected  in  the  hope  that 
the  animal's  resistance  would  dispose  of  the  few  extraneous 
organisms  inoculated. 

With  cultures  the  amounts  could  be  better  standardized. 
One  cubic  centimeter  of  a  twenty-four  to  forty-eight-hour 
bouillon  culture  was  usually  injected.  In  one  instance  one- 
tenth  cubic  centimeter  of  a  forty-eight-hour  culture  gave  a 
typical  pathological  picture  in  ten  weeks.  Two  cubic  centi- 
meters have  also  been  injected.  In .  a  few  cases  a  concen- 
trated suspension  of  a  culture  was  prepared  for  injection  by 
scraping  off  the  growth  from  a  forty-eight-hour  agar  slant 
with  a  platinum  wire  and  adding  two  and  one-half  to  five 
cubic  centimeters  salt  solution.  Within  certain  limits  the 
larger  the  doSe  the  more  marked  the  lesions.  In  our  tissue 
suspensions  a  minute  amount  caused  hardly  any  lesions, 
while  five  times  that  amount  resulted  in  a  marked  disease. 
Naturally  the  injections  with  cultures  were  more  uniform. 
However,  after  a  period  of  eight  to  ten  weeks  the  lesions 
were  similar  whether  one  or  two  cubic  centimeters  of  a 
twenty-four-hour  culture  had  been  injected. 

Most  of  our  inoculations  have  been  intra-abdominal  (70 
per  cent),  but  the  subcutaneous  route  has  been  used  in  many 
instancjcs  (25  per  cent).  Apparently  the  latter  is  slightly 
more  severe  and  the  initial  loss  of  weight  is  greater.  Intra- 
thoracic injections  (4  per  cent)  were  made  to  study  lesions 
occurring  especially  in  the  lungs.  The  development  and 
course  of  the  disease  is  not  influenced  by  the  site  of  inocula- 
tion. Suspensions  of  cultures  introduced  by  mouth  have 
also  caused  lesions. 

Signs  and  symptoms.  —  In  a  few  instances  a  local  lesion 
developed  from  a  subcutaneous  inoculation  in  which  the 
amount  of  culture  injected  was  very  large  and  once  or 
twice  from  a  direct  injection  of  cotyledon  tissue.  In  these 
cases  an  induration  appeared,  sometimes  extending  over  an 
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area  two  or  more  centimeters  square.  This  later  came  to  a 
head  and  discharged,  or  on  section  presented  a  yellow, 
granular,  creamy  mass  consisting  chiefly  of  mononuclear 
cells.  If  an  ulcer  did  not  form  the  mass  usually  became 
partially  absorbed,  but  never  much  incapsulated.  Ordinarily 
injections  with  pure  cultures  subcutaneously  have  not  been 
followed  by  any  local  lesion  except  for  a  small  swelling 
lasting  a  few  days. 

The  animal  may  lose  five  to  thirty  and  even  one  hundred 
grams  in  the  first  week  —  the  larger  the  animal  the  greater 
the  initial  loss  of  weight.  If  the  dose  has  not  been  too 
large  this  loss  is  slowly  made  good  and  the  increase  there- 
after is  normal  or  somewhat  retarded.  A  considerable  por- 
tion (72  per  cent)  of  our  animals  showed  some  loss  from 
their  best  weight  when  they  were  killed.  This  was  generally 
a  question  of  ten  to  fifty  grams,  —  in  one  case  four  hundred 
and  forty  in  an  animal  weighing  seven  hundred  grams  when 
inoculated.     She  died  after  thirty-six  weeks. 

A  few  days  after  inoculation  the  temperature  rises  usually 
about  a  degree,  and  continues  uninterruptedly  for  twelve  to 
twenty  weeks  or  more,  and  then  subsides.  Much  handling 
tends  to  increase  the  temperature  one  or  two  degrees.  An 
animal  which  has  a  temperature  of  103**  or  104®  F.,  by  being 
handled  may  run  a  temperature  of  105®  to  106**  F.  Near 
death  it  becomes  subnormal. 

As  a  rule  the  animal  presents  no  characteristic  appear- 
ance. Three  of  our  cases  suffered  from  blindness.  Swell- 
ings in  the  extremities  especially  about  the  carpal  joints 
were  noted.  Weakness  in  the  posterior  limbs  developed, 
associated  with  constipation  and  soiling  of  the  parts. 
Recovery  usually  followed.  These  signs  in  one  or  two 
instances  might  be  attributed  in  part  to  involvement  of  the 
joints  or  enlargement  of  the  adjacent  lymph  nodes  interfer- 
ing with  the  movements  of  the  limbs.  In  one  case  already 
referred  to  as  losing  so  much  weight,  an  inguinal  lymph 
node  became  two  centimeters  in  diameter  and  very  firm, 
and  the  posterior   limb  was  held    abducted  ten   to  twenty 
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degrees.  After  several  weeks  this  swelling  entirely  dis- 
appeared. There  was  one  case  of  paraplegia.  The  various 
lesions  are  apparently  painless. 

As  regards  the  course  of  the  disease  the  animals  divide 
themselves  into  three  groups.  Some  run  a  gradually  down- 
ward course  especially  after  the  injection  of  a  large  dose, 
become  much  emaciated  and  die.  The  larger  animals  hold 
their  weight  relatively  better.  With  an  ordinary  dose,  such 
as  one  cubic  centimeter  of  a  twenty-four  to  forty-eight-hour 
bouillon  culture,  the  animal  usually  gains,  but  often  slowly. 
In  other  cases  the  normal  physiological  increase  in  weight 
continues.  Some  of  our  animals  lived  months  and  were  then 
disposed  of  in  good  condition.  At  present  we  have  one  in 
apparently  good  health  which  was  inoculated  with  virulent 
material  sixteen  months  ago. 

Undoubtedly  certain  guinea-pigs  have  more  resistance  to 
B.  abortus  than  others.  In  our  experiments  four  animals 
which  were  injected  with  suspensions  of  infected  tissues  had 
comparatively  slight  lesions  at  autopsy,  and  the  organism 
could  not  be  isolated  from  their  tissues,  although  further 
inoculations  from  two  of  the  four  cases  produced  character- 
istic lesions. 

Of  the  fifty-eight  animals  considered,  twelve  died.  Death 
in  two  was  due  to  rupture  of  the  spleen ;  in  four,  to  subse- 
quent injection  of  toxins  of  the  abortion  bacillus,  and  in  the 
remaining  six  it  followed  emaciation  and  exhaustion,  kidney 
disease  being  extensive  in  two  and  pneumonia  in  one.  It 
might  be  said,  therefore,  that  only  in  five  cases  (8  per  cent) 
did  death  occur  as  the  uncomplicated  result  of  inoculation 
with  B.  abortus. 

Gross  pathological  changes.  —  These  refer  to  animals,  fifty- 
eight  in  number,  inoculated  with  the  original  material,  tissues 
of  infected  pigs,  and  cultures  and  which  lived  at  least  six  to 
eight  weeks. 

The  external  appearance  of  the  body  may  be  normal  or 
markedly  emaciated.     The  opacity  of  the  cornea  of  one  or 


Digitized  by  CjOOQIC 


454  FABYAN. 

both  eyes  and  the  swelling  of  the  extremities  have  been 
already  mentioned. 

On  reflecting  the  skin  over  the  ventral  surface  there  was 
usually  fat  tissue  in  slight  amount.  In  large  animals  it  was 
marked  in  some  cases.  In  the  emaciated  every  particle  may 
have  disappeared,  exposing  most  beautifully  the  minute 
structures,  such  as  nerves  and  vessels. 

The  lymph  nodes  were  enlarged  in  fifty-six  cases,  or  ninety- 
five  per  cent.  The  enlargement  was  chiefly  universal,  but 
occasionally  some  groups  of  nodes  were  more  distinctly 
enlarged  than  others.  The  superficial  lymph  nodes,  as  a 
rule,  were  always  larger  than  the  rest ;  sometimes  those  in 
the  inguinal  region,  sometimes  those  in  the  axillary  of  the 
cervical  region  were  the  most  conspicuous.  Of  the  internal 
nodes  the  retroperitoneal  were  always  conspicuous  and  in 
some  cases  markedly  enlarged.  The  nodes  were  perhaps 
more  readily  visible  on  account  of  the  diminution  in  the  fat 
tissue.  They  were  frequently  one  centimeter  in  length,  two 
or  three  millimeters  in  cross-section,  and  weighed  .15-.20 
gram.  The  color  was  a  delicate,  translucent  pink.  On 
section  no  definite  structure  could  be  made  out.  The  cut 
surface  was  moist  and  succulent.  In  a  few  instances  slightly 
opaque  areas  were  suggested,  focal  in  character,  or  extending 
along  the  periphery,  and  undefined  extraneous  blackish  pig- 
ment was  occasionally  present.  The  mesenteric  lymph  nodes 
were  enlarged  and  presented  the  characteristics  already 
described.  Those  along  the  spinal  column  were  of  a  much 
lighter  color  than  the  others. 

Even  before  the  abdominal  cavity  was  opened  in  many 
instances  the  much  enlarged  spleen  could  be  readily  detected, 
occasionally  extending  well  toward  the  pelvis.  In  a  few 
cases  it  could  not  be  seen  until  the  organs  were  manipulated, 
being  bound  down  by  adhesions  of  a  firm  character.  These 
were  to  the  abdominal  wall,  liver,  stomach,  pancreas,  and  in 
two  cases  to  the  kidney.  These  adhesions  occurred  only  in 
cases  injected  intraperitoneally. 

The  organ  was  enlarged  in  fifty-seven  cases,  or  ninety- 
eight  per   cent.     The  one   case   in   which  the   spleen    was 
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normal  in  size  lived  thirty  weeks  before  being  chloroformed 
and  showed  other  lesions  of  the  disease.  Enlargement  was 
seen  as  early  as  the  second  week.  In  general,  the  spleen 
was  of  normal  shape,  averaging  about  4.5  centimeters  in 
length,  2.5  centimeters  in  width,  and  4.6  millimeters  in  thick- 
ness. Instead  of  a  normal  weight  of  .4-.7  gram  it  averaged 
2-4  grams,  —  once  9.9  grams.  Jn  many  the  distention  of 
the  capsule  was  conspicuous,  the  organ  fairly  bursting ;  in 
fact,  in  two  instances,  once  while  the  cage  was  being  cleaned 
out  and  once  when  the  animal  was  being  weighed,  death 
resulted  in  a  few  minutes  as  a  result  of  rupture.  The  sur- 
face of  the  organ  may  be  normal  or  present  numerous  fine, 
grayish,  pin-point  elevations.  Rarely  there  was  an  irregular 
cauliflower  appearance  as  if  from  some  internal  new  growth. 
This  appearance  was  undoubtedly  masked  now  and  then  by 
the  great  distention  of  the  organ.  Occasionally  a  few  or 
numerous  grayish,  opaque,  pin-head  foci  could  be  distin- 
guished just  beneath  the  capsule.  The  color  was  darker 
than  normal.  On  section,  the  surface  was  very  moist;  the 
pulp  usually  swollen,  soft,  obliterating  in  part  the  normal 
markings.  Seldom  were  distinct  foci  seen.  When  the  dis- 
ease became  chronic  th^  spleen  appeared  only  moderately 
enlarged  and  rather  flabby. 

The  liver  was  diseased  in  forty-three  cases,  or  seventy-five 
per  cent.  In  two  or  three  instances  there  were  adhesions  to 
the  surrounding  tissues,  again  following  intraperitoneal  injec- 
tion. The  size  of  the  organ  did  not  seem  to  be  definitely 
affected  by  the  disease,  and  in  chronic  cases  it  may  be  small, 
although  occasionally  it  had  a  tense,  congested  appearance 
similar  to  the  spleen.  Scattered  over  the  surface  were  few 
or  many  grayish,  translucent,  pin-point  foci  just  visible,  or 
two  or  three  millimeters  in  diameter  extending  into  the  sub- 
stance of  the  organ.  When  newly  formed  these  foci  had  a 
glistening,  pearly  appearance  and  later  assumed  a  yellowish, 
opaque  color.  Rarely  they  had  an  opaque  center  and  trans- 
lucent periphery.  The  surface  might  also  present  a  yellow- 
ish  tracery   or   even    distinct   scarring.      The    gall-bladder 
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appeared  normal.     The  hepatic  lymph  node  was  sometimes 
conspicuously  enlarged. 

The  pancreas  showed  no  marked  changes.  The  islands 
of  Langerhans  were  often  quite  conspicuous  as  yellow 
opaque  dots  of  irregular  size. 

The  kidneys  were  diseased  in  seventeen,  or  twenty-nine 
per  cent  of  the  cases.  Of  these,  two  had  been  inoculated 
with  Culture  I.,  twelve  with  Culture  II.,  one  with  Culture  V., 
and  two  with  Culture  VI.  It  is  interesting  that  five  of  the 
twelve  cases  were  injected  with  tissue  from  one  guineia-pig. 
The  inoculations  were  by  both  the  intraabdominal  and  sub- 
cutaneous routes,  and  even  with  as  small  a  dose  as  one-half 
cubic  centimeter  of  a  twenty-four-hour  bouillon  culture. 
Lesions  were  noted  as  early  as  the  sixth  week.  The  size  of 
the  organ  varied  only  slightly  from  the  normal  as  a  rule.  On 
stripping  the  capsule  in  a  few  instances  definite  round,  gray- 
ish foci,  similar  to  those  in  the  liver,  were  noted.  These 
protruded  slightly,  and  were  of  a  white  color.  In  other 
cases  they  were  much  more  indefinite  and  diffuse.  On  sec- 
tion there  was  rarely  any  radiating  from  these  foci  toward 
the  medulla.  Other  round  foci  were  seen  in  the  substance 
of  the  cortex.  In  one  instance  both  kidneys  were  distinctly 
enlarged,  colorless,  and  apparently  very  diffusely  and  com- 
pletely diseased. 

No  macroscropic  lesions  were  found  in  the  adrenals. 

In  only  one  instance  was  any  definite  lesion  seen  in  the 
female  genitals.  In  this  case,  at  a  point  on  the  left  horn 
about  a  centimeter  above  the  bifurcation,  there  was  a  distinct 
nodule  one  centimeter  in  diameter  bulging  into  the  peritoneal 
cavity,  with  a  surface  closely  resembling  the  cauliflower 
appearance  seen  on  the  spleen.  The  ovaries  are  not  affected 
in  our  cases. 

The  testicles  showed  changes  in  ten,  or  forty  per  cent  of 
the  males  injected.  Five  of  these  animals  were  inoculated 
subcutaneously  and  five  intraabdominally  and  even  one-half 
cubic  centimeter  of  a  twenty-four-hour  bouillon  culture  caused 
lesions,  the  earliest  found,  occurring  nine  weeks  after  inoc- 
ulation.    All  the  strains  caused  the  disease  except  No.  V. 
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The  testicles  were  adherent  to  the  sac  in  three  cases,  all  intra- 
abdominal inoculations,  and  associated  with  other  abdominal 
adhesions.  The  testis  proper  was  fibrous  in  two  cases.  The 
epididymis  was  involved  in  eight  cases ;  the  right  in  three, 
the  left  in  three,  and  both  in  two  cases.  On  removing  the 
testicle  from  its  sac,  the  epididymis  when  diseased  was  dis- 
tinctly enlarged  and  presented  one  or  more  yellowish  areas 
which  on  section  allowed  soft,  yellow,  granular  material  to 
escape.  This  opaque  material  was  seen  twice,  in  part  of  the 
seminal  vesicles  of  the  affected  side. 

In  the  lungs  lesions  were  noted  in  thirty-eight,  or  sixty-five 
per  cent  of  the  cases.  These  did  not  involve  the  pleura  but  lay 
just  beneath.  They  might  take  the  form  of  pin-point,  trans- 
lucent, grayish  dots  more  or  less  thickly  sown,  and  resem- 
bling colonies  of  a  pure  culture,  or  a  tracery  of  irregular 
shape,  or  distinct  solid  areas  often  contracted  and  depressed, 
involving  a  third  of  a  lobe.  On  section  the  surface  was 
fairly  normal,  disclosing  firm,  irregular,  grayish  areas  only  in 
a  few  cases.  In  one  case  the  pleura  was  affected  secondarily 
from  disease  of  a  rib. 

The  bones  were  involved  in  sixteen  cases  (27  per  cent). 
Five  of  these  had  been  inoculated  subcutaneously  and  with 
only  one-half  cubic  centimeter  of  a  twenty-four-hour  bouillon 
culture  in  two  instances.  Slight  lesions  developed  in  the  ribs 
in  one  case  after  three  weeks,  in  the  extremities  in  another 
after  five  weeks. 

The  vertebrae  were  involved  in  two  cases.  The  lesion  in 
one  of  these  occurred  at  the  junction  of  the  lumbar  and 
sacral  portion  without  causing  any  apparent  deformity,  and 
was  discovered  on  investigating  a  yellow  discoloration  beneath 
the  dura  of  the  spinal  canal.  On  section  of  the  bone  a 
small  amount  of  yellow  pus  oozed  forth.  The  other  involve- 
ment was  in  the  body  of  the  sixth  dorsal  which  bulged  three 
to  four  millimeters  into  the  thoracic  cavity.  Upon  section 
a  small  amount  of  yellow,  granular  material  was  contained 
behind  a  shell  of  bone. 

The  disease  of  the  ribs  was  most  interesting.  It  was 
caused  by  one  strain  (No.  II.)  in  seven  of  the  eight  cases, 
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and,  as  in  the  disease  of  the  kidney,  several  were  the  result 
of  inoculations  from  one  infected  guinea-pig.  Strain  No.  5 
caused  the  eigbth  case.  There  were  from  one  to  five  ribs 
attacked  in  any  one  case.  These  might  be  on  the  same  side, 
adjacent  or  not,  or  on  opposite  sides.  As  a  rule  they  lay 
between  the  fourth  and  seventh  ribs.  The  disease  was 
characterized  by  swelling  which  seemed  to  have  its  origin  at 
the  epiphysis  adjoining  the  sternal  cartilage.  From  this, 
extension  and  enlargement  of  the  rib  occurred,  reaching  in 
some  cases  to  the  vertebral  column,  but  only  once  involving 
it.  Different  stages  might  be  seen  in  the  same  animal  (Plate 
XXI.,  Fig.  i).  The  swelling  at  the  cartilaginous  extrem- 
ity, usually  pink,  was  sometimes  yellowish  and  occasionally 
it  was  on  the  point  of  rupturing  into  the  thorax.  Similar 
yellow  swellings  were  occasionally  seen  along  the  course  of 
the  rib.  The  diameter  of  a  diseased  might  be  several  times 
that  of  a  normal  rib  (Plate  XXL,  Fig.  2).  On  section  the 
medullary  portion  appeared  larger  than  the  whole  of  a  normal 
rib.  The  tissue  about  the  diseased  rib  seemed  to  be  dense 
and  fibrous ;  the  rib  itself  less  brittle  than  normally.  The 
marrow  instead  of  having  a  pink  normal  color  was  yellow 
and  quite  soft.  Involvement  of  the  pleura  from  a  discharging 
rib  was  seen  once  as  already  mentioned ;  in  another  case  the 
lung  presented  a  depressed  area  at  the  diseased  point. 

In  ten  cases  the  extremities  were  involved;  the  carpal 
region  in  eight,  the  tarsal  in  one,  and  the  knee  in  two  cases. 
One  animal  after  fourteen  weeks  had  disease  of  the  verte- 
brae, ribs,  knee,  and  carpi.  The  lesions  of  the  extremities 
appeared  as  rounded,  fusiform  swellings,  and  on  removing 
the  skin  presented  a  smooth,  pale,  translucent,  fibrous  sur- 
face, except  in  a  few  instances  in  which  yellow  points  pro- 
truded between  the  tendons  (Plate  XXI.,  Fig.  3).  Section 
through  the  joint  showed  that  the  lesion  was  chiefly  one  of 
the  distal  portion  of  the  bone  and  the  cartilage,  involving 
the  joint  only  by  extension.  In  one  instance  of  disease 
of  the  knee  joint  the  leg  was  rigidly  extended.  Section  of 
this  joint  showed  no  destructive  process  but  a  dense, 
fibrous  thickening  about  the  joint. 
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Blindness  was  observed  in  three  cases,  one  of  the  left,  one 
of  the  right,  and  one  of  both  eyes ;  all  from  Strain  No.  II. 
The  cornea  was  grayish  opaque.  The  earliest  case  occurred 
after  thirteen  weeks.  A  few  cases  of  weakness  in  the  pos- 
terior limbs  associated  with  constipation  and  soiling  of  the 
parts  developed,  but  usually  this  was  only  a  temporary  con- 
dition and  the  animal  recovered.  No  nerve  lesions  were 
seen.  The  one  case  of  paraplegia  developed  seven  weeks 
after  inoculation  with  original  material  and  was  chloroformed 
five  days  later.  On  exposing  the  lower  cord,  the  lumbar 
enlargement  seemed  swollen.  The  dorsal  median  blood 
vessel  was  markedly  dilated.  The  remaining  portion  of  the 
cord  and  brain  seemed  normal.  No  cases  have  shown  brain 
lesions. 

No  lesions  of  the  muscles,  heart  and  digestive  tract  have 
been  seen. 

Histological  changes.  —  To  avoid  repetition  it  seems  best 
to  describe  first  the  cellular  elements  common  to  the  various 
lesions.  It  may  be  said  that  the  essential  changes  associated 
with  this  disease  are  of  a  chronic,  inflammatory  character, 
and  resemble  those  of  tuberculosis,  often  to  a  startling 
degree,  both  in  character  and  focal  dissemination.  The 
lesions  are  small,  usually  microscopic,  and  occur  chiefly  in 
the  perivascular  areas  in  most  of  the  viscera  of  the  body. 

The  focal  lesion  consists  of  a  group  of  epithelioid  elements, 
i.e,,  cells  with  large  vesicular,  usually  oval  nuclei,  poor  in 
chromatin.  The  cytoplasm  stains  very  poorly  and  is  ill- 
defined.  Among  these  cells  may  be  a  few  nuclei  with  large 
peripheral  blocks  of  chromatin  and  probably  lymphoid  cells. 

The  numerical  relation  between  these  two  kinds  of  cells 
varies  from  case  to  case  and  from  organ  to  organ.  Some 
foci  are  composed  mainly  of  large  cell  elements,  while  the 
periportal  and  perivenous  cell  masses  are  largely  of  lym- 
phoid elements.  In  some  foci,  plasma  and  giant  cells  may 
be  noted.  Occasionally  polynuclear  leucocytes  are  seen. 
Mitoses  are  numerous.     In  the  more  chronic  cases  the  tissue 
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changes  have  progressed  beyond  the  stages  described  and 
signs  of  organization  into  connective  tissue  are  present. 

In  the  lymph  nodes  foci  of  epithelioid  cells  may  make 
their  appearance  as  early  as  the  tenth  day  after  inoculation. 
Later  they  become  more  profuse  and  resemble  tuberculous 
tissue  closely.  These  groups  of  cells  seem  to  push  aside  the 
lymphoid  elements  which  remain  to  the  last  at  the  periphery 
(Plate  XXI.,  Figs.  4,  5).  Occasionally  a  focus  of  these  cells 
lies  directly  under  the  capsule,  bulging  it  slightly.  Extension 
into  the  surrounding  tissue  may  occur  (Plate  XXII.,  Figs.  1,2). 
An  occasional  giant  cell  and  groups  of  plasma  cells  may  be 
seen.  The  connective  tissue  hyperplasia  becomes  very  pro- 
nounced in  the  lymph  nodes,  the  fibers  forming  a  network 
about  the  nests  of  epithelioid  cells  but  later  occupy  the 
greater  part  of  the  node,  especially  the  central  portion. 
Different  nodes  in  the  same  animal  may  present  different 
stages  of  infiltration  or  organization.  Rarely  focal  necrosis 
is  present 

In  the  spleen  one  is  attracted  by  the  great  dilatation  of 
the  blood  sinuses  which  might  be  expected  from  the  macro- 
scopic appearance.  Cellular  proliferation  is  active  as  may  be 
seen  by  the  frequent  mitoses.  The  epithelioid  cells  occur  in 
groups  as  has  been  described  and  involve  the  organ  more  or 
less  extensively.  These  may  invade  the  Malpighian  bodies 
or  lie  just  beneath  the  capsule  as  in  the  lymph  nodes.  Poly- 
nuclear  leucocytes  are  occasionally  quite  numerous.  Giant 
cells  are  usually  rare  but  may  be  present  in  large  numbers, 
the  nuclei  arranged  peripherally.  Phagocytic  cells  may  or 
may  not  be  numerous.  Rarely  we  have  found  cells  contain- 
ing typical  bacilli  when  stained  with  aniline-water  gentian 
violet.  The  connective  tissue  changes  are  not  as  marked  as 
in  the  nodes. 

In  the  liver  characteristic  cell  foci  may  be  seen  scattered 
diffusely  through  the  tissue,  especially  at  the  border  of  the 
lobule  in  close  relation  to  the  blood  vessels.  The  subcapsu- 
lar location  is  also  common  in  this  organ.  The  foci  may  be 
composed  of  a  few  cells  or  occupy  an  area  the  size  of  two 
or  more  lobules.     The  liver  cells  are  pushed  aside  or  become 
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included  and  degenerate,  the  protoplasm  staining  a  diiTuse, 
eosin  red.  Focal  necroses  are  common  in  some  cases. 
Polynuclear  leucocytes  are  present,  and  rarely  a  few  isolated 
giant  cells.  Dilatation  and  proliferation  of  the  bile  ducts  is 
noted.  The  lymphoid  cells  are  in  increased  numbers  in  the 
periportal  regions.  Connective  tissue  appears  about  the 
larger  areas. 

In  the  pancreas  the  islands  of  Langerhans  may  be  greatly 
increased  in  size,  but  no  focal  lesions  have  been  seen.  In 
one  or  two  instances,  extension  from  a  neighboring  lymph 
node  has  caused  atrophy  and  fibrous  tissue  changes. 

In  the  kidney  infiltration  of  the  perivascular  space  between 
the  cortex  and  medulla  is  quite  striking,  consisting  usually  of 
lymphoid  elements  (Plate  XXIL,  Fig.  3).  Scattered  through 
the  cortex,  and  occasionally  subcapsular,  are  more  or  less 
definite  focal  areas  composed  of  groups  of  epithelioid  and 
lymphoid  cells,  chiefly  the  latter.  These  infiltrate  the  inter- 
stitial tissue,  compressing  and  destroying  the  convoluted 
tubules  and  glomeruli  (Plate  XXIL,  Fig.  4).  The  process 
may  be  very  general  and  diffuse.  Proliferation  of  both  types 
of  cell  has  been  seen  in  the  papillary  extremity  of  the  medulla. 
Mitosis  is  present  to  a  moderate  degree.  Subcortical  depres- 
sions may  be  present,  due  to  foci  which  contain  connective 
tissue  elements. 

A  few  small  foci  have  been  noted  in  the  cortex  of  the 
adrenal,  just  beneath  the  capsule. 

Sections  of  the  uterus  from  the  case  described  macroscopi- 
cally  showed  infiltration  of  the  muscle  with  typical  epithe- 
lioid cells.  These  force  their  way  between  the  fibers  and 
form  large  nests  of  cells,  the  central  portion  being  prone  to 
degeneration  and  necrosis  (Plate  XXIL,  Fig.  5).  Another 
case  of  uterine  involvement  was  detected  in  sections  only. 
No  foci  were  seen  in  the  ovaries. 

Extensive  proliferation  of  epithelioid  cells  and  infiltration 
with  lymphocytes  have  been  seen  within  the  stroma  of  the 
testicle  and  epididymis  (Plate  XXIIL,  Fig.  i )  ;  sometimes  one 
element  predominating,  sometimes  the  other.  Connective 
tissue   may    replace   the    secreting   tubules    in    great    part. 
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Occasionally  necrotic  foci  are  seen  composed  of  dense 
nuclear  debris,  the  tubules  containing  masses  of  polynuclear 
leucocytes. 

Infiltration  of  lymphoid  cells  about  the  blood  vessels  of 
the  heart  muscle  has  been  seen  (Plate  XXIII.,  Fig.  2). 

Scattered  through  the  parenchyma  of  the  lungs  are  irreg- 
ular groups  of  epithelioid  and  lymphoid  cells.  These  may 
lie  just  beneath  the  pleura  or  about  a  blood  vessel  or 
bronchus.  The  infiltration  occurs  in  the  interstitial  tissue 
causing  a  small  tubercle-like  focus.  It  presents  a  central 
portion  of  epithelioid  cells  and  a  periphery  of  lymphoid  cells 
(Plate  XXIII.,  Fig.  3).  Larger  areas  are  composed  of  a 
mixture  of  the  two  elements.  Mitosis  is  present  and  charac- 
teristic intracellular  bacilli  are  to  be  found  after  careful 
search  (Plate  XXIIL.  Fig.  4). 

In  one  area  of  a  salivary  gland  a  diffuse  lymphoid  cell 
infiltration  occurred  (Plate  XXIV.,  Figs,  i,  2),  and  once  a 
small,  round  tubercle  was  seen,  in  which  the  polynuclear  leu- 
cocytes were  conspicuous. 

The  thymus  gland  showed  a  small  focus  of  epithelioid 
cells  in  one  case. 

From  a  study  of  our  various  sections  of  diseased  bone  it 
would  seem  that  the  primary  lesion  lies  in  the  marrow  of 
the  epiphysis.  The  marrow  becomes  very  vascular  and  the 
number  of  giant  cells  increased.  At  various  points  small, 
round  foci  of  epithelioid  cells  develop  (Plate  XXIV.,  Fig.  3). 
As  these  foci  coalesce  and  extend,  the  marrow  fat  spaces 
disappear,  and  the  normal  marrow  is  replaced  by  connective 
tissue.  Development  of  blood  vessels  is  marked.  Mitoses 
are  numerous  and  the  marrow  cavity  becomes  densely  cellular, 
the  number  of  leucocytes  being  large. 

Already  with  the  first  changes  in  the  marrow,  signs  of 
proliferation  appear  in  the  bone.  The  periosteum  becomes 
very  cellular  and  new  bone  is  rapidly  formed  in  a  bold  net- 
work, the  Haversian  canals  containing  large  blood  vessels 
(Plate  XXV.,  Figs,  i,  2,  3).  The  osteoblasts  are  very  numer- 
ous. Beyond  the  limits  of  active  bone  proliferation  there  is 
a   diffuse   and   extensive   connective   tissue   formation  with 
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atrophy  of  the  muscles.  Internally  the  absorption  of  bone 
may  be  rapid. 

The  diseased  vertebrae  and  ribs  demonstrate  the  above 
process  in  its  various  stages.  As  the  involvement  of  bone 
extends,  the  contents  of  the  marrow  cavity  become  more 
disintegrated  and  occasionally  rupture  occurs,  and  a  yellow- 
ish, granular  material  is  discharged,  containing  a  large  excess 
of  leucocytes. 

In  the  extremities  proliferation  of  connective  tissue  occurs 
about  the  joints.  The  marrow  of  the  epiphysis  may  be 
markedly  diseased,  and  that  in  the  diaphysis,  separated  by 
the  epiphysial  line,  quite  normal.  The  periosteum  of  the 
diaphysis  may  be  very  cellular  and  active,  causing  some 
new  bone  formation.  The  articular  surfaces  of  the  joint 
remain  smooth. 

The  sclera,  choroid,  and  lacrimal  gland  of  the  diseased 
eyes  showed  areas  of  infiltration,  chiefly  of  lymphoid  ele- 
ments. Some  typical  tubercles  were  seen  and  also  intra- 
cellular bacilli.  Sections  of  cord,  etc.,  examined  to  date 
have  shown  no  lesions.  In  the  one  case  of  paraplegia  the 
dorsal  median  vessel  of  the  cord  presented  an  infiltration  of 
its  wall  (Plate  XXVI.,  Fig.  i).  An  infiltration  of  a  nerve 
ganglion  adjacent  to  the  adrenal  was  seen  (Plate  XXVI., 
Fig.  2). 

No  microscopic  lesion  of  the  skeletal  muscles  has  been 
seen.  Characteristic  foci  have  been  found,  however,  in  the 
associated  connective  tissue  and  also  in  the  adipose  tissue. 

Hypersensitiveness. —  In  order  to  learn  whether  the  pro- 
longed disease  of  the  guinea-pig  renders  it  hypersensitive  to 
the  toxins  of  the  abortion  bacillus,  as  is  the  case  with 
the  tuberculous  guinea-pig.  we  have  injected  a  suspension 
made  in  the  following  manner :  A  series  of  old  agar  slant 
cultures  were  scraped  and  the  growth  added  to  old  bouillon 
cultures  of  various  strains,  forming  an  opaque,  light  brown 
fluid.  This  was  allowed  to  freeze  and  thaw  in  the  ice-box 
for  about  two  weeks.  It  was  then  shaken  for  two  hours  on 
three  successive  days  and  finally  it  was  heated  on  a  water-bar 
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at  60*  C.  for  half  an  hour  and  then  centrifugalized,  the 
clear  fluid  being  used  to  inject. 

Two  cubic  centimeters  of  this  fluid  injected  subcutaneously 
caused  death  in  a  markedly  diseased  guinea-pig  in  seventeen 
hours,  and  even  as  small  an  amount  as  one-half  cubic  centimeter 
caused  death  in  twenty-seven  hours.  Coryza  and  dyspnea  were 
noted.  If  moderately  diseased,  the  animal  did  not  succumb 
until  the  fifth  day  after  injection  and  in  those  mild  or  chronic 
cases  in  which  the  lesions  seemed  to  be  slight  or  quiescent 
only  a  local  swelling  occurred  at  the  point  of  inoculation. 
This  swelling  which  never  ulcerated  was  composed  of  a  soft, 
granular,  yellow  materia],  composed  chiefly  of  mononuclear 
cells.  In  only  one  case  was  B.  abortus  cultivable  from  this 
material. 

In  the  fatal  cases  the  fever  rose  to  105®  and  106®  F.  and 
became  subnormal  before  death.  The  controls  always  had 
about  a  degree  of  fever  for  a  week  or  ten  days.  No  local 
lesion  developed.  The  lesions  seen  post-mortem  in  an  acute 
case  were  those  of  an  intoxication :  subcutaneous  edema 
and  hemorrhages ;  free  fluid  in  the  body  cavities ;  congestion 
of  the  viscera,  especially  of  spleen,  liver,  pancreas,  and 
kidneys;  hemorrhages  into  the  stomach  wall;  liver  and 
lymph  nodes.  In  sections  of  the  wall  of  the  local  lesion 
thus  produced  by  the  toxin  there  is  a  delicate  layer  of 
connective  tissue  externally,  and  internal  to  this,  groups  of 
characteristic  epithelioid  cells  and  marked  proliferation 
of  new  blood  vessels.  Lymphoid  cells  are  numerous  and 
leucocytes  in  moderate  numbers.  Giant  cells  are  rarely 
present.  The  central  portion  of  such  a  lesion  is  composed 
of  numerous,  large  phagocytic  cells  and  debris. 

Summary. —  Bacillus  abortus  may  be  said  to  cause  lesions 
in  guinea-pigs  of  a  practically  constant  and  most  remarkable 
character.  These  usually  appear  between  the  third  and  sixth 
week  (within  ten  days  as  determined  in  sections  by  the 
microscope),  the  acute  changes  extending  over  a  period  of 
ten  to  twenty  weeks,  after  which  reparative  processes  appear. 
The  disease  is  accompanied  by  fever  and  tends  toward  final 
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recovery,  though  the  animal  may  die  from  rupture  of  the 
spleen,  emaciation,  and  exhaustion. 

All  the  tissues  of  the  body  may  be  attacked  with  the 
exception  of  the  muscles.  This  universality  and  frequency 
is  best  seen  in  sections  under  the  microscope,  as  only  the 
far  advanced  lesions  are  recognized  by  the  unaided  eye.  In 
the  tissues  involved  and  in  the  histological  changes  produced, 
the  disease  closely  resembles  tuberculosis.  The  lesions  have 
a  predilection  for  the  perivascular  and  subcapsular  regions 
of  the  various  organs.  Injections  cause  at  first  a  profound 
disturbance  of  the  circulation  in  certain  organs,  notably  the 
spleen,  which  becomes  enormously  engorged.  Intra- 
abdominal inoculations  are  frequently  followed  by  adhesions 
about  the  spleen.  The  localization  of  the  disease  in  the 
testicle  as  well  as  in  other  organs,  even  when  B.  abortus  is 
inoculated  subcutaneously,  is  quite  remarkable.  The  pro- 
liferation of  bone  although  not  common  is  extraordinary 
when  present. 

It  was  not  our  intention  to  test  the  ability  of  B.  abortus  to 
produce  abortion  when  introduced  into  healthy  pregnant 
animals.  However,  in  one  case  the  animal  was  pregnant 
and  received  one  cubic  centimeter  of  a  forty-eight-hour 
bouillon  culture  (Strain  No.  III.)  subcutaneously.  Two 
weeks  later  she  aborted.  Cultures  of  the  spleen  of  the 
embryo  remained  sterile.  This  animal  died  five  weeks  later 
as  the  result  of  a  distended  and  ruptured  spleen. 

As  this  paper  was  being  written  our  attention  was  called  to  an  article 
by  Schroeder  *•  on  •*  Milk  as  a  carrier  of  infection."  He  made  the  obser- 
vation several  years  ago  that  a  considerable  percentage  of  guinea-pigs 
inoculated  with  milk  to  test  the  presence  of  the  tubercle  bacillus  suffered 
from  a  curious  chronic  disease  resembling  tuberculosis  in  its  gross  patho- 
logical appearances.  He  was  able  to  transfer  this  disease  from  animal  to 
animal  but  was  unable  to  isolate  the  organism.  More  recently  he  has 
observed  a  cow  whose  milk  caused  the  samo  disease.  With  **  specially 
modified  culture  media "  he  obtained  a  growth  of  a  non-acid  fast,  very 
small,  comparatively  short  bacillus.  This  organism  is  Gram-positive. 
Inoculations  proved  it  to  be  the  etiological  factor. 

When  writing,  he  had  under  observation  six  cows  giving  milk  contain- 
ing this  bacillus,  although  drawn  so  carefully  as  to  exclude  all  external 
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contamination.  Five  per  cent  of  milk  samples  tested  contained  this 
badUus  and  ten  per  cent  of  a  herd  of  one  hundred  and  fifty  animals  showed 
the  presence  of  the  bacillus  in  their  milk,  although  all  the  cattle  appeared 
healthy.  One  cow  at  autopsy  showed  no  udder  disease  and  only  slight 
liver  lesions  not  yet  studied. 

The  disease  in  guinea-pigs  is  characterized  by  a  very  large  spleen; 
large,  edematous  lymph  nodes  with  areas  of  d^eneration ;  a  swollen  liver 
with  numerous  necrotic  areas ;  and  in  males,  by  a  more  or  less  complete 
breaking  down  of  the  testicles.  Two  very  unusual  symptoms,  paralysis 
and  a  peculiar  joint  disease,  have  occasionally  occurred.  The  latter  he 
believes  due  to  a  micrococcus  which  was  isolated  and  which  may  be  harm- 
less when  not  associated  with  the  bacillus.  He  thinks  the  disease  has 
been  overlooked,  owing  to  the  organism  not  growing  readily  on  ordinary 
media,  and  the  fact  that  macroscopic  lesions  may  not  appear  in  guinea- 
pigs  until  after  six  or  more  weeks.  According  to  the  present  system  of 
milk  inspection  this  organism  would  not  be  recognized  and  wotild  not  be 
included  in  the  present  method  of  determining  the  number  of  bacteria. 
The  thermal  death  point  of  this  organism  was  6o«  C.  for  fifteen  minutes. 

This  disease  corresponds  so  closely  to  the  one  that  we  have  observed 
that  it  is  most  likely  due  to  the  same  or  a  dosely  related  organism. 

Circular  198,  Bureau  of  Animal  Industry,  issued  March  2,  191 2,  by  the 
U.S.  Department  of  Agriculture,  identifies  the  above  bacillus  as  B.  abor- 
tus, it  having  been  demonstrated  to  be  Gram-negative. 

THE  INOCULATION   DISEASE  IN  OTHER  ANIMALS. 

Mice :  White  and  gray  mice  have  been  inoculated  intra- 
abdominally  or  at  the  root  of  the  tail  in  thirty  cases.  The 
material  inoculated  has  been  one-half  to  one  cubic  centi- 
meter of  a  twenty-four  to  forty-eight-hour  bouillon  culture ; 
a  turbid  suspension  of  an  agar  slant,  or  the  crushed  spleen 
of  an  infected  mouse.  Many  of  the  animals  died  from  com- 
plications, frequently  without  apparent  cause.  Of  the  ani- 
mals living  nine  weeks  or  more,  there  were  nineteen,  and  of 
these  thirteen,  or  sixty-eight  per  cent,  showed  distinct  mac- 
roscopic lesions. 

An  enlarged  spleen  was  common  to  all  these  cases  and 
occurred  also  in  a  few  of  the  other  cases  even  after  a  period 
of  three  to  four  weeks.  The  organ  was  of  normal  shape  but 
swollen,  tense,  and  of  darker  color ;  weight  from  three-tenths 
to  seven-tenths  gram.  The  lymph  nodes  were  enlarged  in 
very  few  instances  and  presented  no  focal  lesions.  Of  the 
other   organs  the  lungs  were  apparently  diseased  in  a  few 
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cases.  Irregular  pneumonic  areas,  sometimes  of  a  light 
grayish  color,  were  noted.  Occasional  indefinite  light  areas 
were  seen  on  the  kidney  surface,  but  not  much  importance 
was  attached  to  these  as  infection  with  coccidium  klossiella 
muris  was  common.  In  one  of  the  mice  having  the  disease 
six  months  a  whitish  area  was  present  on  the  margin  of  a 
liver  lobe  and  both  epididymi  were  much  enlarged. 

Microscopically  the  spleen  showed  moderate  distention  of 
the  sinuses,  but  not  as  marked  as  in  the  case  of  guinea-pigs. 
No  epithclioid-like  foci  were  seen.  A  diffuse  hyperplasia 
was  apparent  from  the  many  mitoses.  In  the  lymph  nodes 
this  hyperplasia  was  also  prominent.  The  liver  presented 
many  sub-endothelial  roundish  or  elongated  masses  of  lymph- 
oid cells.  Other  small  round  foci  occurred  in  the  paren- 
chyma. The  whitish  area  on  the  liver  margin  proved  to  be 
an  infarction  of  degenerated  liver  cells.  The  lesion  cutting 
off  these  cells  was  of  a  chronic  fibrous  character  containing 
numerous  newly  formed  blood  vessels  and  a  rare  giant  cell. 
The  character  of  the  cells  strongly  suggested  B.  abortus  as 
the  cause.  The  foci  in  the  lung  were  composed  chiefly  of 
lymphoid  cells  and  occasionally  groups  of  larger  embryonic 
connective  tissue  cells.  The  kidneys,  even  when  free  from 
Klossiella  muris,  contained  numerous  foci  of  lymphoid  and 
plasma  cells  scattered  through  the  cortex,  usually  perivascu- 
lar. The  diseased  epididymi  were  the  scat  of  an  extensive 
infiltration  of  lymphoid  elements  invading  the  interstitial 
tissue  and  rarely  the  tubules  themselves.  By  the  blocking  of 
a  duct  a  large  cyst  had  been  formed  which  was  full  of  pha- 
gocytic cells,  spermatozoa,  and  debris.  In  the  adipose  tissue 
adjacent  was  a  focus  of  round  cells.  In  another  section  a 
similar  focus  contained  two  giant  cells  (Plate  XXVI.,  Fig.  3). 
From  serial  sections  this  focus  was  seen  to  be  in  close 
proximity  to  a  blood  vessel. 

It  is  highly  probably  that  B.  abortus  produces  lesions  in 
mice.  With  small  doses  (.5  cubic  centimeter  of  a  twenty- 
four-hour  bouillon  culture)  they  may  occur  after  a  period  of 
a  few  weeks.  Constant  disease  may  be  expected  with  some- 
what larger  doses.     The  method  of  inoculation  is  immaterial. 
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After  a  longer  period  (three  to  six  months)  diffuse  lesions 
of  a  chronic  inflammatory  character  ensue  and  become 
extensive. 

Rabbits:  Ten  rabbits'  have  been  inoculated  with  B. 
abortus.  The  injections  have  varied  in  amount  from  one 
cubic  centimeter  of  a  twenty-four-hour  bouillon  culture  to  a 
turbid  suspension  of  a  forty-eight-hour  growth  on  slanted 
agar.  Intravenous  inoculations  were  made  in  addition  to  the 
routes  already  employed.  In  some  instances  repeated  inoc- 
ulations were  made.  A  subcutaneous  injection  causes  a 
local  lesion,  sometimes  measuring  two  to  three  centimeters 
in  diameter  or  there  may  be  only  a  moderate  indurated  area 
along  the  course  of  the  needle.  No  ulceration  results  and 
the  mass  may  become  partially  absorbed  and  slightly  encap- 
sulated. On  section  it  contains  a  yellow,  granular  material 
resembling  that  found  in  like  lesions  in  guinea-pigs.  The 
animal  appears  in  good  health  at  all  times  and  gains  weight 
readily  after  an  initial  loss  of  fifty  to  two  hundred  grams. 
Fever  is  not  present. 

The  animals  autopsied  have  not  given  any  evidence  of 
disease  although  cultures  of  the  organism  may  be  readily 
obtained  from  the  spleen  after  a  period  of  ten  weeks  or 
more.     The  spleen  may  be  slightly  enlarged. 

Microscopically  the  organs  appear  normal.  Sections  of 
the  subcutaneous  swellings  resemble  those  in  guinea-pigs 
resulting  from  toxin  inoculation.  Around  a  necrotic  center 
of  phagocytic  cells  and  debris  is  a  layer  of  large  epithelioid 
cells  and  a  few  leucocytes.  New  blood  vessels  are  present. 
The  connective  tissue  is  in  slight  amount.  In  an  animal 
living  six  months  which  received  three  injections  a  month 
apart,  a  suspicious  round  cell  focus  was  seen  in  the  papilla 
of  the  kidney. 

Cattle:  A  heifer  was  inoculated  intravenously  with  five 
cubic  centimeters  of  a  forty-eight-hour  bouillon  culture  but 
remained  well. 
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Monkeys,  rats,  and  pigeons  have  been    injected  without 
showing  any  signs  or  symptoms  up  to  the  present. 


Cultivation  of  B.  abortus.  —  In  our  work,  as  in  former 
investigations,  the  chief  problem  has  been  to  obtain  success- 
ful cultures  from  tissues.  Of  the  methods  enumerated  we 
have  followed  that  of  Nowak  with  slight  modifications.  A 
small  bit  of  the  washed  cotyledon  is  removed  with  sterile 
forceps  and  transferred  to  a  slant  of  ordinary  beef-infusion- 
peptone  agar.  This  is  ground  and  broken  up  with  a  flat, 
platinum  wire  against  the  side  of  the  tube,  and  the  surface  of 
the  medium  is  smeared  with  it.  A  loop  of  the  condensation 
water  is  then  transferred  from  this  tube  to  a  second,  and 
from  this  to  a  third  tube.  In  the  case  of  guinea-pigs  a  bit 
of  the  liver,  spleen,  or  kidney  is  transferred  to  agar  as 
described  above.  Inoculations  by  stabbing  the  organs  with 
a  platinum  wire  have  given  satisfactory  results,  but  when  the 
organisms  are  relatively  few  they  may  be  missed  by  this 
method. 

From  experience  we  find  that  the  spleen  and  lymph  nodes 
contain  the  most  organisms.  Then  come  the  bone  marrow, 
liver,  kidney,  and  lung,  in  order.  A  cube  of  lung  tissue, 
three  to  four  millimeters  in  size,  may  only  give  rise  to  two  to 
four  colonies.  For  this  reason  we  have  used  the  spleen 
regularly. 

The  tubes  inoculated  from  the  cotyledon  are  incubated  at 
37^  C.  in  the  ordinary  way  for  twenty- four  hours  and  then 
any  colonies  marked  which  have  appeared.  The  tubes  are 
then  placed  in  an  ordinary  quart  fruit  jar  having  a  screw 
metal  top  and  rubber  washer.  A  slant  of  ordinary  agar  is 
inoculated  with  B.  subtilis  and  placed  in  this  jar  with  the 
other  tubes.  The  jar  is  sealed  by  screwing  down  the  cap 
firmly  and  it  is  then  placed  in  the  incubator  at  37^  C.  for  two 
or  more  days.  By  this  time  small,  characteristic  colonies 
have  appeared  on  the  surface  of  the  media  in  addition  to 
those  already  noted.     By  this  method  we  have  been  able  to 
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isolate  B.  abortus  in  pure  culture  from  original  tissues  which 
we  have  had  at  our  disposal,  and  in  practically  all  the  cases 
of  guinea-pigs  suffering  from  this  disease.  We  have  suc- 
ceeded in  isolating  the  organism  from  the  latter  after  a 
period  of  thirty-seven  weeks,  but  in  these  chronic  cases  one 
to  eight  colonies  developed  instead  of  thirty  or  more  as  is 
common  when  cultures  are  made  after  a  period  of  ten  to 
twenty  weeks.  More  recently  we  have  found  that  by  merely 
sealing  the  culture  tube  with  sealing  wax,  and  incubating  it 
longer  in  some  cases,  we  have  secured  satisfactory  results. 

The  action  of  B.  subtilis  was  studied  in  some  detail  in  an 
endeavor  to  find  out  under  what  conditions  B.  abortus  grows 
most  readily.  For  this  work  we  used  a  normal  salt  solution 
suspension  of  the  original  culture.  This  assured  the  pres- 
ence of  B.  abortus  and  controls  demonstrated  that  growth 
by  ordinary  incubation  was  practically  negative.  It  was 
found  that  an  excess  of  actively  growing  B.  subtilis  prohibits 
the  growth  of  B.  abortus.  One  square  centimeter  of  fresh 
growth  of  B.  subtilis  to  seventy-five  cubic  centimeters  of 
space  in  the  jar  gives  a  profuse  growth  in  forty-eight  hours ; 
I  to  125  gives  a  moderate  growth.  Even  one  square  centi- 
meter to  seven  hundred  cubic  centimeters  of  space  gives  a 
distinct  growth,  the  control  remaining  sterile.  The  age  of 
the  bacillus  subtilis  culture  shows  a  diminishing  influence  up 
to  the  fourth  or  fifth  day,  after  which  it  fails  to  stimulate 
growth.  The  failure  evidently  coincides  with  the  period  of 
sporulation.  The  manner  in  which  B.  subtilis  and  B.  abortus 
tubes  are  corked  is  immaterial,  provided  the  diffusion  of 
gases  is  not  interfered  with.  The  bacillus  subtilis  tube  may 
be  open ;  the  cotton  plug  may  be  loosely  adjusted  or  dipped 
in  paraffine  as  is  customary  with  solid  media  in  this  labora- 
tory, or  a  tin-foil  covering  may  be  also  added,  without 
checking  the  profuseness  of  the  growth.  As  a  routine  the 
paraffine-dipped  cotton  plug  was  left  in  place. 

The  effect  of  using  a  sealed  glass  jar  alone  without  the 
culture  of  B.  subtilis  was  next  investigated.  Undoubtedly 
in  some  instances  this  is  an  advantage.  The  temperature  in 
such  a  jar  rises  more  slowly  in  the  incubator  naturally,  and 
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therefore  the  tubes  do  not  reach  the  incubator  temperature 
until  some  time  after  those  placed  in  with  them  but  not  in 
jars.  The  atmosphere  of  the  jar  remains  at  a  more  uniform 
degree  of  temperature  and  moisture  unless  the  incubator  is 
opened  but  rarely.  It  was  possible  for  us  to  obtain  original 
cultures  in  some  instances  by  means  of  the  sealed  jar  alone, 
the  controls  remaining  sterile.  This  method  cannot  be 
depended  upon  and  in  several  instances  the  tubes  failed  to 
develop. 

We  next  tested  the  advisability  of  growing  B.  subtilis  and 
B.  abortus  together  in  a  test-tube  sealed  with  sealing  wax. 
Apparently  there  was  not  enough  oxygen  present  for  our 
strain  of  B.  subtilis  to  grow  appreciably  under  these  condi- 
tions and  neither  organism  developed.  When,  however,  the 
seal  was  broken,  B.  subtilis  promptly  multiplied  profusely. 

The  following  simple  procedure  was  also  found  effective. 
One  tube  of  B.  subtilis  and  the  first  transfer  from  a  B.  abortus 
culture  were  connected  with  a  piece  of  webbed  rubber  tub- 
ing fifteen  to  twenty  centimeters  long  and  with  an  internal 
diameter  of  thirteen  millimeters,  by  adjusting  the  rubber 
tube  tightly  over  the  ends  of  the  plugged  tubes,  thus  forming 
an  inverted  U.  B.  abortus  grew  as  profusely  as  by  the 
method  of  Nowak. 

If  the  action  of  B.  subtilis  is  merely  one  of  reducing  the 
oxygen  tension  in  the  jar,  other  organisms  should  act  in  a 
similar  manner,  although  perhaps  not  in  the  same  degree. 
Several  kinds  of  bacteria  were  therefore  tested,  using  B.  sub- 
tilis as  a  control,  among  them  B.  coli,  B.  megatherium,  a 
staphylococcus  and  an  undescribed  bacillus  of  guinea-pig 
pneumonia.  It  was  found  that  B.  coli,  B.  megatherium,  and 
the  staphylococcus  gave  results  similar  to  B.  subtilis.  The 
pneumonia  organism,  although  growing  as  profusely  as  the 
others,  was  able  to  stimulate  B.  abortus  only  in  a  slight 
degree,  for  the  growth  was  just  visible.  Similar  tubes  incu- 
bated in  a  sealed  jar  alone  remained  sterile.  When  forty- 
eight  hours  old  these  various  cultures  exerted  no  further 
favorable  influence.    None  of  these  organisms  seemed  to  give 
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a   more    favorable   growth   than   B.  subtilis,  and   we   have 
therefore  continued  our  work  with  the  latter. 

It  was  furthermore  evident  from  our  tests  that  different 
strains  of  B.  abortus  required  different  degrees  of  stimula- 
tion. Culture  II.,  a  and  b,  developed  on  blood  serum  with- 
out any  aid.  Some  strains  could  be  grown  in  a  sealed  jar; 
others  by  slightly  more  stimulation,  as  with  the  pneumonia 
organism,  and  still  others  required  B.  subtilis.  Whether  still 
other  strains  require  still  more  favorable  environment  remains 
to  be  tested. 

As  the  action  of  the  above  organisms  seems  to  be  one  of 
diminishing  the  amount  of  oxygen,  we  attempted  to  produce 
similar  results  by  the  use  of  alkaline  pyrogallol.  This  was 
employed  in  glass  jars  and  in  Buchner  tubes  in  varying 
amounts.  With  the  former  we  attempted  to  produce  partial 
anaerobic  conditions.  In  the  latter  we  varied  the  amount 
to  include  various  degrees  of  anaerobiosis ;  i.e,,  a  series  of 
tubes  were  inoculated  in  the  same  manner  with  B.  abortus 
(first  transfer)  known  to  grow  readily  with  B.  subtilis;  the 
dry  cotton  plugs  were  pushed  in  about  two  centimeters  and 
dry  pyrogallol  in  amounts  ranging  from  .001  to  .5  gram 
were  added,  and  then  one  cubic  centimeter  of  a  ten  per  cent 
solution  of  sodium  hydrate,  and  the  tube  quickly  sealed  with 
a  rubber  stopper.  Prolonged  incubation  gave  no  growth 
save  in  the  control  tube,  in  which  it  was  profuse  in  seventy- 
two  hours.  After  four  or  five  days  one  of  the  other  tubes 
was  uncorked  and  placed  in  a  jar  under  the  influence  of 
B.  subtilis,  and  B.  abortus  developed  readily.  These  experi- 
ments show  the  need  of  very  carefully  adjusting  the  tension 
of  oxygen. 

In  our  experiments  we  used  ordinary  agar  media,  but  we 
also  tested  agar  made  from  extract  of  meat  in  place  of  the 
meat  infusion,  and  also  agar  made  plus  glycerine.  Appar- 
ently meat  infusion  agar  is  more  favorable  for  growth  but, 
with  a  stimulant  like  B,  subtilis,  growth  on  the  other  two  is 
as  profuse.  We  have  made  various  experiments  with  ordi- 
nary agar  by  adding  various  quantities  (drops)  of  dextrose 
or  sodium  carbonate  or  both,  and  also  by  growing  B.  coli  on 
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the  medium  for  twenty-four  hours  and  reslanting  it  before 
inoculation.  No  growth  has  occurred  as  a  result  of  these 
changes  in  the  media. 

Other  conditions  of  growth  were  ascertained  after  the 
second  or  third  transfer,  when  the  organism  grew  moderately 
without  the  use  of  B.  subtilis  under  ordinary  conditions.  In 
one  or  two  instances  we  obtained  growth  from  the  first 
transfer  however. 

Fermentation  tubes  of  ordinary  bouillon  inoculated  with 
B.  abortus,  after  an  incubation  of  two  to  seven  days,  showed 
marked  clouding  of  the  bulb  with  a  sharp  line  of  demarca- 
tion at  the  junction  of  the  branch.  In  other  words,  the 
organism  gave  pronounced  evidence  of  being  a  strict 
aerobe  from  the  first. 

It  was  found  that  if  ordinary  bouillon  tubes  were  inoculated 
and  placed  under  the  influence  of  B.  subtilis  the  bacilli 
multiplied  much  less  readily  than  on  agar  slants.  This 
retardation  could  be  overcome  in  some  measure  by  using 
a  broader  surface  of  medium,  as  for  example,  a  thin  layer 
in  an  Erlenmeyer  flask. 

Plate  cultures  of  B.  abortus  after  several  days'  incubation 
showed  minute  colonies  on  the  surface  and  just  beneath. 
With  prolonged  incubation  other  colonies  developed  some- 
what deeper  in  the  medium.  These  latter  were  much  smaller 
than  those  at  or  near  the  surface  and  remained  so. 

Shake  agar  cultures  gave  a  profuse  surface  growth,  but  in 
no  instance  did  it  extend  beyond  two  or  three  millimeters 
beneath  the  surface.  A  similar  growth  was  obtained  in  the 
agar-gelatine-serum  of  Bang  when  a  readily  growing  organ- 
ism was  inoculated.  No  zonal  growth  was  noted,  only  the 
surface  and  immediate  substratum  becoming  cloudy.  When 
this  medium  was  inoculated  directly  from  an  original  source 
no  growth  occurred.  When,  however,  the  tube  was  placed 
with  B.  subtilis  in  a  sealed  chamber,  burr-like,  white  colonies 
developed  throughout  the  medium  seven  to  ten  days  after 
those  grown  on  slanted  agar  had  appeared.  There  was  no 
zonal  character  to  the  growth  and  the  deeper  (4  centimeters) 
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colonies  were  the  smaller.  Deep  agar  inoculations  treated 
in  a  like  manner  remained  sterile. 

At  the  time  we  attempted  to  grow  B.  subtilis  and  B. 
abortus  in  a  sealed  tube  we  also  placed  B.  abortus  alone  in  a 
sealed  culture  tube  and  were  somewhat  surprised  to  find  a  pro- 
fuse growth  after  a  rather  prolonged  incubation  period  (S-i; 
days).  This  method  has  been  used  extensively  since  and  in 
every  instance  has  proved  as  satisfactory  as  with  B.  subtilis. 
In  some  instances  the  results  have  been  exactly  the  same. 
In  others,  the  colonies  have  not  developed  for  several  days 
after  the  growth  had  appeared  with  B.  subtilis,  and  the  col- 
onies remained  smaller,  but  it  was  of  interest  to  note  that 
occasionally  many  more  colonies  developed  on  the  sealed 
tube  than  on  the  one  associated  with  B.  subtilis  (Plate 
XXVIL,  Fig.  i).  As  might  be  conjectured,  the  size  of  the 
sealed  culture  tube,  as  well  as  the  number  of  organisms 
transferred,  bears  a  distinct  relation  to  the  result.  Ordin- 
arily we  have  used  tubes  thirteen  and  one-half  centimeters 
long  and  eight  millimeters  in  diameter.  Sealing  the  tubes 
with  sealing  wax  or  parafHne  gives  equally  good  results. 
Tubes  supplied  with  small  rubber  stoppers  are,  however, 
more  easily  manipulated  and  as  effective. 

It  is  probable  that  strains  will  be  found  to  vary  more  or 
less  in  their  relation  to  oxygen  and  to  the  kinds  of  culture 
media  usually  employed.  This  is  shown  by  our  own  experi- 
ence with  the  six  strains  thus  far  studied.  For  instance. 
Culture  II.,  a  and  b,  we  were  able  to  isolate  without  B.  sub- 
tilis directly  from  guinea-pigs  inoculated  with  the  original 
material.  In  this  instance,  the  tissues  of  two  guinea-pigs  were 
broken  up  as  described,  and  spread  over  slants  of  ordinary 
agar  containing  one-half  to  one  cubic  centimeter  of  defibrin- 
ated  guinea-pigs'  blood.  After  a  period  of  some  four  days, 
pure  cultures  were  obtained  (Plate  XXVIL,  Fig.  2).  These 
two  sub-strains  have  been  kept  distinct  and  their  cultural 
characteristics  studied. 

Culture  I.  was  received  from  Professor  MacNeal  on  a  slant 
of  blood  agar.  A  goodly  amount  was  transferred  to  an 
ordinary  agar  slant  and,  although  the  growth  was  very  feeble 
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at  the  end  of  twenty-four  hours,  in  four  days  it  was  quite 
abundant,  and  no  further  difficulty  was  experienced  in  cul- 
tivating it  on  ordinary  agar  in  air. 

Culture  IV.  from  Professor  Bang  was  contained  in  capil- 
lary tubes  of  serum  bouillon  and  also  on  serum  agar.  The 
serum  bouillon  culture  was  transferred  to  ordinary  agar 
slants  and  also  to  agar  containing  a  small  amount  of  guinea- 
pigs'  defibrinated  blood.  These  tubes  were  then  exposed 
to  the  action  of  B.  subtilis,  the  pneumonia  organism,  and  in 
a  sealed  jar  by  themselves.  Upon  the  plain  agar  slants  no 
colonies  developed,  but  upon  the  blood  agar  with  the  action 
of  E.  subtilis  a  profuse  growth  was  obtained  in  forty-eight 
hours,  and  with  the  pneumonia  organism  in  seventy-two 
hours ;  the  tubes  shut  up  in  the  jar  and  those  in  the  chamber 
of  the  incubator  remained  sterile.  (Professor  Bang  in  a 
letter  stated  that  the  bacilli  grew  in  the  old  manner  (specific 
sub-stratum),  but  that  he  had  also  found  the  bacilli  grew  on 
the  surface  at  times.) 

It  will  thus  be  seen  that  of  these  two  cultures  sent  to  us 
and  grown  artificially  for  some  time,  one  grew  very  readily 
on  our  media,  while  the  other  required  not  only  the  action 
of  B.  subtilis  but  also  the  presence  of  blood  in  the  media. 
This  is  the  one  instance  where  we  have  found  the  presence  of 
blood  necessary.  It  is  quite  probable  that  the  manner  in 
which  they  had  been  cultivated  before  coming  to  us  was 
responsible  for  the  differences  noted. 

We  have  also  made  experiments  to  find  the  quickest  and 
most  certain  way  of  educating  this  organism  to  grow  aerobi- 
cally.  Apparently  it  makes  no  great  difference  whether  the 
organism  be  passed  through  a  series  of  rapid  transfers  under 
the  influence  of  B.  subtilis  or  whether  the  first  colonies 
developing  unaided  furnish  the  source  for  subcultures.  The 
action  of  B.  subtilis  is  beautifully  shown  in  the  following 
manner.  If  we  smear  the  surface  of  an  agar  slant  from  a 
culture  which  requires  the  aid  of  B.  subtilis  to  develop,  and 
expose  it  to  the  action  of  B.  subtilis  for  forty-eight  hours,  a 
profuse  film  of  growth  covers  the  entire  surface.  If  a  similar 
tube  is  allowed  to  incubate  unaided  it  often  remains  sterile, 
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or  one  to  four  or  five  colonies  only  develop  from  the 
extremely  profuse  inoculation.  These  do  not  grow  readily 
and  may  not  appear  for  four  to  six  days,  but  once  started 
they  continue  to  grow  even  at  room  temperature. 

In  the  first  transfers  growth  is  rare,  but  in  the  second  and 
third  a  few  colonies  usually  develop  unaided.  After  five  to 
seven  transfers  the  organism  has  reached  a  stage  which  is 
nearly  constant,  and  a  loop  of  fresh  culture  develops  readily 
on  an  agar  slant  in  forty-eight  hours. 

It  is  an  interesting  fact  that  after  the  organism  has  adapted 
itself  to  ordinary  aerobic  conditions  it  does  not  lose  this 
characteristic  by  further  passage  through  guinea-pigs. 
Some  of  our  guinea-pigs  so  inoculated  have  lived  fifteen  to 
twenty  weeks,  and  yet  upon  making  cultures  from  the  spleen 
B.  abortus  developed  even  at  room  temperature  (Plate 
XXVII..  Figs.  3,4). 

Some  notes  on  the  morphology  and  cultural  characters  of 
B.  abortus.  —  The  following  statements  apply  to  all  the 
strains  studied,  as  no  differences  have  been  noted.  The 
bacillus  has  been  described  as  being  .6  to  3  /i  long  and  .5  /i 
broad.  Bang  himself  stated  that  the  longest  organisms 
were  the  length  of  tubercle  bacilli.  Our  measurements  of 
the  bacillus  are  .6  to  .8  m  long  and  .5  to  .6  /a  broad.  There 
is  some  variation  in  length  which  in  some  individuals  may  be 
equalled  by  the  diameter.  This  type  suggests  a  coccus. 
Some  individuals  may  be  I  to  1.5  fj^long,  especially  in  bouillon 
cultures,  but  this  is  rare.     The  diameter  is  fairly  constant 

In  smears  from  cultures  the  bacilli  lie  separately  or  in 
twos,  end  to  end,  and  rarely  six  in  a  chain.  When  in  small 
clumps  no  definite  arrangement  is  noted. 

There  is  no  motility,  although  Brownian  motion  may  be 
very  pronounced. 

The  bacillus  is  readily  stained  by  all  the  ordinary  dyes, 
perhaps  most  distinctly  with  dilute  carbol-fuchsin.  The 
stains  used  were  carbol-fuchsin  (concentrated  and  diluted) ; 
aqueous  methylene  blue;  Loffler's  methylene  blue;  and 
aniline  water  gentian  violet.     The  organism  stains  uniformly 
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throughout,  although  irregularities  (some  portions  staining 
deeply  and  some  feebly)  have  been  noted  by  Preisz  and 
Holth.  The  ends  are  rounded  but  occasionally  the  corners 
are  not  as  deeply  stained,  giving  the  bacillus  an  ovoid 
appearance.  Carbol-fuchsin  seems  to  accentuate  the  diame- 
ter; gentian  violet,  the  length.  The  organism  is  Gram-nega- 
tive and  is  readily  decolorized  by  weak  acids  after  having 
been  steamed  in  carbol-fuchsin.  No  capsule  has  been  dem- 
onstrated and  no  spores  are  formed.  In  old  cultures  degen- 
erated and  involution  forms  may  be  seen.  Priesz  speaks  of 
branched  forms. 

Cultural  characters :  The  following  characteristics  appear 
common  to  all  of  the  six  different  strains  studied.  Of  these 
four  were  from  Massachusetts,  one  from  Illinois,  and  one 
from  Denmark. 

On  agar,  the  colonies  have  been  described  as  transparent 
dewdrops  with  dentated  edges.  Preisz  described  them  as 
having  a  bluish-white  luster.  Later  they  became  yellowish- 
brown  and  McFadyean  and  Stockman  laid  considerable 
stress  on  the  "  rusty  brown  "  color.  Under  the  microscope 
MacNeal  noticed  a  few  coarse  granules  near  the  center  of 
the  colony. 

We  observed  numerous  small  colonies  on  agar  plates  after 
forty-eight  hours'  incubation.  The  surface  colonies  appear 
as  convex  droplets  of  rounded,  sharply  circumscribed  out- 
line, about  one  to  one  and  one-half  millimeters  in  diameter, 
very  glistening,  i.e.^  reflecting  light  markedly,  and  of  a  semi- 
opaque  whitish  color,  suggesting  droplets  of  mucus.  They 
have  an  iridescent,  mother-of-pearl  sheen.  Under  the  low 
power  of  the  microscope  the  surface  colonies  have  a  very 
fine  stippled  appearance,  brownish  by  transmitted  light, 
darkest  at  the  center.  The  deep  colonies  are  much  smaller 
than  those  on  the  surface  and  are  of  wedge  or  lemon  shape. 
With  the  hand  lens  they  are  seen  to  have  a  lighter  margin  or 
are  faintly  banded  with  lighter  zones. 

The  surface  colonies  develop  slowly  but  persistently,  until 
in  plates  containing  only  a  few  organisms  it  is  not  rare  to 
have    a   colony   five   millimeters   in   diameter,  of  a  whitish 


Digitized  by  CjOOQIC 


478  FABYAN. 

opaque  appearance.  In  place  of  the  stippling,  droplets  as 
if  of  air  or  water  are  seen,  very  numerous  and  just  external 
to  the  central  portion  of  the  colony.  The  deep  colonies 
grow  slightly  and  become  darker  brown.  The  plates,  sown 
with  many  bacteria,  develop  in  two  weeks  a  fine  ground-glass 
appearance  due  to  the  innumerable  minute  colonies ;  again 
those  farthest  from  the  surface  are  the  smallest  Those 
which  have  burst  the  bottom  film  of  agar  spread  out  on  the 
glass  of  the  Petri  dish  in  a  thin,  almost  colorless  growth  five 
or  more  millimeters  in  diameter.  They  appear  much  lighter 
than  the  surface  colonies  macroscopically.  If  incubation  is 
continued  four  weeks  or  more  the  principal  change  is  one  of 
density  only.  In  the  larger  surface  colonies  the  opaque 
points  in  the  colony  enlarge  until  readily  seen  with  the  hand 
lens,  and  extend  into  the  glistening,  mother-of-pearl  periph- 
eral zone. 

On  the  agar  slant  after  twenty-four  hours  a  delicate,  fine, 
granular  film  may  be  just  visible  on  the  inoculated  surface. 
The  margin  is  sharply  defined  and  no  extension  occurs. 
After  another  twenty-four  hours  the  film  is  much  heavier, 
appearing  as  a  translucent  growth  of  characteristic  luster. 
The  border  is  well  defined,  steep,  and  slightly  elevated,  until 
the  central  growth  increases,  giving  the  appearance  of  a 
glistening,  moist  plaque.  The  water  of  condensation  is 
moderately  cloudy,  the  growth  rarely  extending  out  on  the 
surface.  An  abundant,  whitish  sediment  slowly  forms.  The 
growth  increases  in  density  for  about  a  week,  after  which  it 
remains  stationary.  When  a  few  organisms  only  are  dis- 
tributed over  the  surface,  the  growth  is  slower,  thefr  presence 
not  being  recognized  until  after  forty-eight  to  seventy-two 
hours.  Development  continues,  however,  for  two  to  four 
weeks  even  at  room  temperature. 

This  slow  growth,  continuing  until  the  colony  is  a  rela- 
tively large  one,  seems  characteristic.  It  has  also  been 
noted  by  us  that  when  a  few  organisms  are  transferred  to  an 
agar  slant,  there  is  considerable  variation  in  the  size  of  the 
colonies,  and  after  several  days  some  of  them  may  be  twice 
the  diameter  of  others.     If  these  tubes  be  kept  for  several 
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weeks  at  room  temperature,  occasionally  small  daughter 
colonies  appear  on  the  glistening  surface  of  an  older  colony, 
in  some  cases  in  such  numbers  as  to  give  it  a  granular 
appearance.     This  is  also  seen  on  potato  cultures. 

When  these  strains  were  first  isolated,  and  for  some 
months  afterwards,  no  changes  in  the  medum  were  noted,  but 
after  having  been  cultivated  artificially  for  a  year  it  was  seen 
that  crystals  develop  in  the  agar  which  are  probably  due  to 
the  increasing  alkalinity  of  the  medium. 

In  an  agar  puncture  the  surface  growth  appears  in  forty- 
eight  hours  as  a  convex,  opaque,  whitish,  glistening  colony, 
three  millimeters  in  diameter,  sharply  circumscribed.  The 
growth  along  the  stab  extends  one  centimeter  from  the  sur- 
face, and  consists  of  fine,  round  colonies  clustered  together. 
After  five  days  the  surface  growth  may  have  extended  to 
five  millimeters  in  diameter  but  is  not  as  convex.  There  is 
slight  further  extension  along  the  needle-track,  the  deeper 
colonies  being  too  small  to  be  distinguished  individually 
with  the  hand  lens.  After  two  or  more  weeks  the  surface 
growth  dries  out,  presenting  radiating  lines  and  concentric 
depressions.  Often  the  remaining  surface  of  the  medium  is 
covered  by  a  light  secondary  growth  due  to  the  moisture 
present  which  has  inoculated  the  remaining  surface.  The 
average  length  of  a  stab  growth  remains  at  about  one  centi- 
meter; in  one  instance  (II.  a)  it  extended  to  two  and  two- 
tenths  centimeters. 

If  a  tube  of  agar  be  inoculated  while  fluid  and  then  cooled 
promptly,  colonies  appear  on  the  surface  within  twenty-four 
hours.  No  zone  of  growth  develops  in  the  agar  even  after  a 
period  of  two  or  three  weeks.  There  is  slight  growth  just 
beneath  the  surface,  but  in  no  instance  has  this  been  at  a 
depth  of  more  than  three  millimeters. 

Cultures  made  on  glycerine  agar,  and  extract-of-meat 
agar,  have  not  shown  any  appreciable  variation  from  the 
above  picture.  Agar  made  from  meat  extract  seems  slightly 
less  favorable  than  from  meat  infusion. 

On  blood  agar  prepared  with  defibrinated  blood  of  horses, 
rabbits,  or  guinea-pigs  there  was  no  increase  in  the  profuseness 
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of  growth.  After  four  to  five  days  the  inoculated  surface 
presents  a  thick,  grayish,  greasy  film,  sharply  bounded.  The 
glass  wall  of  the  tube  opposite  the  surface  of  the  medium 
takes  on  a  semi-opaque,  smoky,  greenish  color  which  extends 
slowly  to  a  height  of  three  centimeters  from  the  water  of 
condensation,  after  several  weeks  of  incubation. 

On  Loeffler's  serum  the  bacillus  grows  readily  but  not  as 
profusely  as  on  agar.  A  delicate,  circumscribed  film  with 
raised  margin  appears  after  twenty-four  hours.  The  surface 
is  finely  granular  and  slowly  becomes  glistening  with  addi- 
tional growth.  In  general,  the  appearances  resemble  those 
on  agar. 

McFadyean  and  Stockman  obtained  no  growth  on  gelatine 
either  at  room  temperature  or  at  37**  C.  Other  investigators 
obtained  a  growth  after  four  to  six  weeks. 

Owing  to  the  lowered  temperature  (22^  C.)  at  which  gela- 
tine is  incubated,  growth  on  this  medium  is  exceedingly 
slow,  and  on  gelatine  plates  only  after  ten  days  may  colonies 
be  recognized  with  the  microscope.  They  may  not  be 
readily  seen  with  the  naked  eye  until  after  three  weeks, 
appearing  as  opaque,  whitish  droplets  on  the  surface.  With 
the  hand  lens  they  are  very  glistening  and  porcelain-like. 
Under  the  microscope  other  smaller  colonies  may  be  made 
out  in  the  medium.  The  smallest  appear  as  round,  sharply 
circumscribed  bodies  with  a  delicate  colorless  stippling,  the 
interior  having  a  brownish  tinge  (with  growth).  The  largest 
surface  colonies  have  a  brownish  color,  deepest  at  the  center. 
As  the  colony  develops,  other  small,  blackish  dots  appear, 
forming  almost  a  tracery  in  the  brownish  stippling.  This 
blackish  pigment  is  usually  more  concentrated  at  the  center 
or  may  be  uniformly  distributed  throughout.  In  some,  dis- 
tinct zones  are  seen,  1.^.,  a  light  margin  of  moderate  width ; 
a  dark  zone  of  similar  width ;  a  narrow  light  zone,  and  then 
a  wide  dark  center.  Besides  the  single  colonies  of  distinct 
outline  others  occur,  built  up  of  fresh  additions  of  growth  or 
as  the  result  of  two  organisms  developing  side  by  side. 
There  are  all  variations  from  a  round  colony  with  a  double 
rim  at  one  point  to  slight  outgrowths  heaped  up.     After  a 
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period  of  three  weeks  more,  the  plates  sown  with  many 
organisms  present  a  light,  feathery  cloud  in  which  are  numer- 
ous distinct  colonies  (surface),  some,  one  millimeter  in  diam- 
eter. With  a  hand  lens  this  feathery  cloud  may  be  resolved 
into  colonies.  The  growth  is  chiefly  at  or  near  the  surface, 
the  deeper  the  colony  the  smaller  it  is. 

In  the  gelatine  stab,  growth  is  slow  and  only  after  ten  days 
to  two  weeks  does  a  fine,  white  cloud  appear  along  the 
puncture  line  with  scattered  colonies  in  the  lower  third. 
One  or  more  small,  opaque,  convex,  white  colonies'one  to 
two  millimeters  in  diameter  appear  on  the  surface.  After 
seven  weeks,  growth  still  continues,  although  the  medium  is 
dried  out.  It  may  extend  the  whole  length  of  the  stab,  and 
delicate,  white,  isolated  colonies  result.  No  liquefaction 
takes  place. 

On  the  agar-gelatine-serum  of  Bang,  as  was  mentioned 
above,  growth  occurs  only  on  the  surface  or  immediately 
beneath  it  when  a  readily  growing  organism  is  inoculated. 
The  fact  that  colonies  are  able  to  delevop  in  the  depths  when 
the  tube  is  incubated  under  the  influence  of  B.  subtilis  and 
not  in  deep  agar  similarly  treated  is  evidence  that  this 
medium  is  more  favorable  in  certain  respects. 

According  to  Preisz,  bouillon  cultures  scarcely  became 
cloudy.  McFadyean  and  Stockman  had  difficulty  in  obtain- 
ing a  culture  in  ordinary  bouillon  direct  from  natural  material 
but  were  more  successful  when  a  transfer  was  made  from  an 
-agar  culture.  The  addition  of  one  per  cent  of  grape  sugar 
rendered  the  growth  more  luxuriant.  Nowak  was  able  to 
grow  the  organism  in  ordinary  alkaline  bouillon,  the  upper 
portion  of  the  medium  remaining  clear  until  the  tube  was 
agitated. 

In  ordinary  bouillon,  prepared  with  fresh  beef  or  veal  and 
with  an  acidity  of  .8  to  1.2  per  cent  of  a  normal  solution, 
after  a  series  of  forty-eight-hour  transfers,  a  loop  of  a  two  to 
four-day  old  bouillon  culture  transferred  to  fresh  bouillon 
causes  very  slight  clouding  after  twenty-four  hours'  incuba- 
tion, and  on  agitating  a  slight  amount  of  fine  white,  powdery 
sediment  arises.     This  clouding  increases  whether  the  tube 
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is  agitated  or  not,  and  after  a  week  the  medium  becomes 
turbid,  remaining  so  for  about  a  month  and  then  gradually 
clears.  The  sediment  covers  the  concavity  to  a  moderate 
degree.  It  changes  from  a  powdery  to  a  flaky  consistency 
and  later  becomes  tenacious  and  stringy.  As  a  rule  no 
membrane  or  film  develops,  but  if  the  tube  be  incubated  for 
two  to  four  days  and  then  set  aside  at  room  temperature  a 
white,  delicate  film  may  appear  on  the  surface.  In  bouillon 
of  an  alkalinity  of  three-tenths  to  one^per  cent  of  a  normal 
solution  the  growth  is  not  as  profuse. 

If  potato  is  inoculated  from  a  bouillon  culture,  visible 
growth  may  not  appear  for  two  or  four  days.  The  outlines 
are  irregular  since  the  bouillon  spreads  over  the  uneven  sur- 
face. A  more  uniform  streak  is  made  by  inoculating  from 
an  agar  culture.  After  twenty-four  hours  a  delicate,  white, 
glistening  moist  streak  develops  which  slowly  assumes  a 
yellowish  and  after  several  days  a  brownish  hue.  The  growth 
becomes  elevated,  glistening,  viscid  to  the  touch,  with  sharp, 
steep  borders.  The  color  in  many  instances  is  a  chocolate 
brown  and  resembles,  as  McFadyean  and  Stockman  have 
stated,  the  appearance  of  glanders  on  potato.  Different 
strains  may  give  slightly  different  shades  of  color,  but  by 
further  subcultures  on  the  same  or  other  potato  media  varia- 
tions from  tube  to  tube  are  found  in  any  one  strain.  The 
same  daughter  colonies  noted  in  the  isolated  agar  colonies 
are  occasionally  present  on  the  potato  medium.  The  inocu- 
lated potato  itself  may  turn  dark  after  about  a  week's 
incubation. 

In  milk,  on  incubating  the  organism  with  pyrogallol, 
Preisz  observed  coagulation  with  the  separation  of  whey,  but 
other  observers,  although  obtaining  good  growth,  have 
observed  no  coagulation,  McFadyean  and  Stockman  stating 
that  when  it  was  present  a  streptococcus  was  also  found. 
Nowak  obtained  slight  acid  production  in  litmus  milk.  With 
two  of  his  strains  grown  with  B.  subtilis  the  milk  became 
distinctly  red  in  eight  days. 

The  organism  grows  readily  in  milk  but  not  as  profusely 
as  in  bouillon.     After  a  week  or  ten  days  the  normal  acidity 
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is  found  to  be  lessened  usually  to  three-tenths  per  cent  of  a 
normal  solution,  when  phenolphthalein  is  used  as  an  indi- 
cator. Litmus  milk  remains  blue  during  a  period  of  four  to 
six  weeks  after  inoculation  whether  kept  in  a  large  chamber 
of  the  incubator  or  under  the  influence  of  B.  subtilis.  There 
is  no  precipitation  or  visible  alteration  in  the  milk. 

The  presence  of  indol  and  nitrites  cannot  be  dem- 
onstrated. 

The  optimum  temperature  is  conceded  to  be  37®  C. 
Preisz  obtained  no  growth  at  room  temperature  although 
Nowak  did.  McFadyean  and  Stockman  used  a  temperature 
between  30**  and  37**  C,  an  original  isolation  not  growing  at  the 
room  temperature,  but  they  observed  that  once  the  culture 
had  started  it  would  continue  to  grow  at  room  temperature. 
We  have  found  the  organism  grows  best  at  37®  C,  and 
slightly  even  at  20**  C. 

Bang  was  able  to  isolate  the  bacillus  from  mummified 
fetuses  and  from  material  kept  seven  months  in  the  cold. 
McFadyean  and  Stockman  found  material  infectious  at  seven 
months,  but  not  after  the  lapse  of  a  year,  nor  could  the  organ- 
ism withstand  drying  three  days  under  calcium  chloride. 
Preisz  was  able  to  rejuvenate  a  culture  with  pyrogallol  after  , 
seventy  days,  and  Nowak  succeeded  with  agar  slants  after 
months ;  in  deep  agar  after  two  years.  According  to  Preisz 
the  organism  withstands  exposure  to  50®  C.  for  thirty  minutes 
but  is  killed  at  55**  C.  in  three  minutes.  McFadyean  and 
Stockman  exposed  dry  smears  in  an  oven  for  one  hour  at 
55®  C.  and  later  obtained  a  growth,  but  not  after  an  exposure 
of  two  hours.  In  a  water  bath  the  organism  withstood  55**  C. 
for  ten  minutes  but  not  59"  C. 

When  actively  growing  cultures  on  agar  slants  were  left 
exposed  to  light  in  the  laboratory  for  three  months  and  then 
fresh  slants  made  with  large  amounts  only  a  few  colonies 
developed.  One  strain  died  out  entirely  under  these  condi- 
tions. Bouillon  cultures  under  the  same  conditions  for  a 
period  of  four  months  gave  a  growth. 

Smears  made  by  placing  a  loopful  of  a  forty-eight-hour 
bouillon  culture  on   cover-slips  and  keeping  them  under  a 
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bell  glass  showed  the  presence  of  living  organisms  for  seven- 
teen or  more  weeks  depending  on  the  strain,  but  the  older 
films  require  a  week  for  development. 

To  determine  the  thermal  death  point,  tubes  sixteen  milli- 
meters in  diameter  were  employed  containing  exactly  ten 
cubic  centimeters  of  bouillon  of  an  acidity  of  1.5  per  cent. 
A  forty-eight-hour  culture  of  the  organism  was  made  and 
after  the  temperature  of  the  bouillon  in  the  tubes  had  been 
raised  in  a  water  bath  to  45®  C.  for  fifteen  minutes,  one  of 
these  tubes  was  inoculated  with  three  loopfuls  (loop  1.5  milli- 
meter internal  diameter)  of  a  forty-eight-hour  culture.  The 
tube  was  slightly  agitated  and  after  a  further  exposure  of  ten 
minutes  cooled  in  a  vessel  of  ice-water  and  then  incubated 
for  a  week  at  37*  C.  Other  tubes  were  inoculated  in  a 
similar  manner  at  higher  temperatures.  It  was  found  that 
different  strains  have  slightly  different  thermal  death  points. 
From  several  tests  it  appears  that  Strain  No.  I.  is  killed  by  a 
temperature  of  56**  C,  the  other  strains  at  59"*  C.  for  ten 
minutes.  Briefly  it  may  be  said  that  the  thermal  death  point 
of  the  B.  abortus  is  S9^  C.  for  ten  minutes. 

Fermented  bouillon  containing  one  per  cent  of  dextrose, 
saccharose,  and  lactose  was  used  to  determine  fermentation 
capacities.  No  action  was  noted  either  in  the  production  of 
acid  or  gas.  Alkali  production  reduced  the  one  per  cent 
acidity  of  the  medium  to  nearly  neutral,  and  in  some  in- 
stances it  became  one-tenth  of  one  per  cent  alkaline  (phen- 
olphthalein)  in  ten  days. 

As  has  been  mentioned  there  is  no  acid  production  either 
in  milk  or  sugar  bouillon.  On  the  contrary  the  organism 
regularly  produces  alkali.  Further  tests  were  made  with 
ordinary  bouillon  and  alkaline  (.3  per  cent)  bouillon,  and 
incubating  the  tubes  in  the  large  chamber  alone  or  with 
B.  subtilis.  No  acid  production  was  demonstrated  in  the 
case  of  the  alkaline  bouillon,  the  reaction  becoming  more 
alkaline.  This  was  relatively  less  than  in  ordinary  bouillon 
as  the  growth  was  visibly  less. 

The   cultural  characteristics  of  this   organism   are  quite 
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constant  when  once  its  ability  to  grow  on  artificial  media  has 
been  established.  Among  these  characteristics  may  be  men- 
tioned tlie  glistening  iridescent  colonies  on  agar  and  the 
variation  in  their  size ;  ^the  colonies  on  and  the  non-liquefac- 
tion of  gelatine ;  the  slow  growth  in  bouillon ;  the  con- 
spicuous pigmented  growth  on  potato ;  and  the  organism's 
inability  to  ferment  dextrose,  saccharose  or  lactose,  or  to 
produce  acid. 

[In  concluding,  I  wish  to  acknowledge  my  indebtedness  to  Dr.  Theo- 
bald Smith  for  suggestions  and  assistance  in  this  work.] 

BIBLIOGRAPHY. 

1.  Holth.    Berl.   tierSrztl.   Wchnschr.,   xxv,   1909,  686;  Zeittchr.  f. 
Infektionskrank.  d.  Haustiere,  x,  191 1,  207. 

2.  Lehnert.     SSch.  Veterinftrber.,  1878,  95. 

3.  Brfiuer.    SSch.  Veterinarber.,  1880,  72;  Deuttch  Zeitsch.  f.  Thier- 
med.,  xiv»  1895,  95. 

4.  Nocard.    Recueil  de  M^d.  V^t.,  1886,  669. 

5.  Sand.    Deutsch  Zeittchr.  f.  Thiermed.,  xxi,  195. 

6.  Bang  and  Stribolt.    Zeittchr.  f.  Thiermed.,  i,  1897,  241 ;  Maaneds- 
skrift  f.  Dyrlaeger.,  1900. 

7.  Preisz.     Centralbl.  f.  Bakt,  i  Abt.  Orig.,  xxxiii,  1903,  190. 

8.  Nowak.    Ann.  de  Tlnst.  Pasteur,  xxii,  1908,  541. 

9.  McPadjean  and  Stockman.    Jour.  Vet.,  1909,  459. 

10.  Zwick.    Centralbl.  f.  Bakt.,  i  Abt.  Ref.,  xlvii,  1910,  219. 

11.  MacNeal  and  Kerr.    Jour.  Inf.  Die.,  vii,  1910,  469. 

12.  Russell.     Agri.  Exp.  Sta.<)  Madison,  Wis.,  Sept.  i,  191 1. 
12a.  Larson.    Jour.  Inf.  Dis.,  1912,  178. 

13.  Wall.    Maanedsskrift  f.  Dyrlaeger,  xxi,  1910. 

14.  Gr6nsted.    Maanedsskrift  f.  Dyrlaeger,  1909,  395. 

15.  Hesse.    Centralbl.  f.  Bakt.,  i  Abt.  Ref.,  xlvii,  1910,  183. 

16.  Schroeder.     Proceed,  of  Amer.  Ast*n  of  Amer.  Milk  Com.,  Phila., 
1911,  131. 


EXPLANATION  OF  PLATES. 
(When  not  otherwise  stated,  the  material  was  obtained  from  guinea-pigs.) 

Plate  XXI. 
Fio.  I.  —  Disease  of  ribs.    Note  bulging  at  the  epiphyses ;  points  about 
to  discharge. 
Fio.  2.  —  Diteate  of  ribs.    Upper  rib  normal,  lower  diteated. 
Fio.  3.  —  Left  anterior  extremity.    Irregular  swelling  and  yellow  points. 
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Fio.  4.  —  X  45  diametert.  In^iiml  lymph  node  showing  marked  genenl 
infiltration  of  the  tissue  with  epithelioid  cells.  Lymphoid  elements  st  the 
periphery. 

Fio.  5.  — X  430  diameters.  Preceding  figure  magnified.  Nests  of  epi- 
thelioid cells. 

Plat«  XXII. 

Fio.  1.^x50  diameters.  Epithelioid  elements  extending  beyond  t 
lymph  node  into  the  surrounding  (at  tissue. 

Fio.  3.  —  X  375  diameters.  Preceding  figure  magnified.  Note  epithelioid 
cells  with  faintly  staining  protoplasm  and  large  round  or  oval  nuclei, 
containing  a  very  small  amount  of  peripherally  arranged  chromatin. 

Fig.  3.  ^  X  50  diameters.  Kidney.  Round  cell  infiltration  about  blood 
▼essel. 

Fio.  4.  —  X  130  diameters.    Localized  lesion  in  the  cortex  of  the  kidney. 

Fio.  5.  —  X  20  diameters.  Uterus.  Nests  of  epithelioid  cells  between 
muscle  bundles.    Central  necrosis. 

Plate  XXIII. 

Fio.  I.  —  x6  diameters.  Testicle.  Areas  of  cell  proliferation.  Con- 
nective tissue  formation.    Area  of  necrosis. 

Fio.  3.  —  X  I30  diameters.  Infiltration  near  blood  vessel  in  heart 
muscle. 

Fio.  3.  —  X  375  diameters.    Lung.    Tubercle  formation. 

Fig.  4.  —  X  1,500  diameters.    Lung.    Bacilli  in  epithelioid  cells. 

Plate  XXIV. 

Fio.  I.  —  X  130  diameters.     Salivary  gland.    Round  cell  infiltration. 

Fio.  3.  —  X  315  diameters.  Salivary  gland.  Tubercle  formation.  Note 
leucocytes  present 

Fio.  3.  —  X  50  diameters.  Cross  section  of  rib.  Small  foci  of  disease 
in  marrow. 

Plate  XXV. 

Fio.  1.-^x6  diameters.  Cross  section  of  ribs.  Extensive  prolifera* 
tion  of  bone  in  the  diseased  ribs. 

Fio.  3.  — X  60  diameters.  Fig.  i.  Small  rib  on  right  magni6ed.  Note 
beginning  proliferation. 

Fio.  3.  —  X  60  diameters.  Section  of  diseased  rib  under  same  magnifi- 
cation as  Fig.  3.  Note  absorption  of  the  original  rib  as  well  as  the 
marked  proliferation  of  new  bone.  Atrophy  of  the  neighboring  muscle 
fibers. 

Plate  XXVI. 

Fio.  1. — X  130  diameters.  Round  cell  infiltration  in  wall  of  dorsal 
blood  vessel,  lumbar  cord. 

Fio.  3.  —  X  350  diameters.     Small,  round  cell  focus  in  a  nerve  ganglion. 

Fio.  3.  —  X  375  diameters.  White  Mouse  IV.  Cervical  region.  Focus 
in  the  connective  tissue. 
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Plate  XXVII. 

Fig.  I.  —  Cultures  of  an  original  isolation  from  splenic  tissue.  Guinea- 
pig  received  an  intraabdominal  inoculation  of  one  cubic  centimeter  of  a 
suspension  of  cotyledons,  Cow  No.  235  (Culture  V.).  Chloroformed 
after  sixteen  weeks.  Agar  slant  on  left  incubated  under  the  influence  of 
B.  subtilis;  on  right  incubated  in  a  sealed  tube.  Appearance  after  five 
days.  An  agar  slant  inoculated  in  a  similar  manner  and  incubated 
unsealed,  remained  sterile. 

Fig.  2.  —  Culture  of  the  original  isolation  of  Strain  No.  Ila.  on  blood 
agar,  without  the  aid  of  B.  subtilis  or  sealing. 

Fig.  3.  —  Guinea-pig  inoculated  with  Culture  lib.  growing  readily 
aSrobically.  Animal  chloroformed  at  the  end  of  ten  weeks.  Each  agar 
slant  inoculated  with  a  bit  of  spleen.  Tube  on  the  left  incubated  with 
B.  subtilis.  Tube  in  the  center  sealed  and  incubated.  Tube  on  the  right 
incubated  unsealed.  After  seventy-two  hours  note  the  characteristic 
growth  on  each  slant.  The  tube  on  the  right  shows  the  ability  of 
B.  abortus  to  retain  its  artificially  acquired  power  to  grow  aSrobically 
even  after  remaining  in  the  animal  body  ten  weeks. 

Fio.  4.  —  Culture  obtained  a^robically  from  a  bit  of  spleen  of  an 
infected  mouse.  Animal  inoculated  with  a  readily  growing  culture  (IV.) 
and  chloroformed  after  two  months. 
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BACTERIUM  OZiENiE  (ABEL)  ;  FERMENTATION  REACTIONS 
WITH  ELEVEN  SUGARS,  DIFFERENTIAL  DIAGNOSIS,  AND 
USE  AS  A  VACCINE  FOR  TREATMENT.* 

Calvin  Gates  Page,  M.D. 

{Instructor  in  Bacteriology.') 

(From  tkt  Baettriological  Laboratory ^  Harvard  Mtdical  School,) 

A  swab  received  at  the  end  of  October,  191 1,  from  a  case 
of  atrophic  rhinitis,  yielded  a  pure  culture  of  a  non-motile, 
capsulated,  Gram-negative,  rod-shaped  organism.  On  agar 
it  showed  a  moist,  sticky,  colorless  growth.  It  made  but 
slight  acid  in  litmus  milk.  It  produced  gas  in  dextrose, 
saccharose,  and  adonite,  but  not  in  dulcite  or  inulin.  It  did 
not  liquefy  gelatine.  The  growth  in  bouillon  was  turbid 
without  ring  or  pellicle.  It  produced  no  indol,  and  gave  a 
negative  Voges-Proskauer  reaction. 

From  these  data  I  was  able  to  identify  it  as  Bacterium 
ozaensg  (Abel),  as  described  briefly  by  Chester,*  and  to  locate 
it  as  number  forty-nine  on  the  list  published  by  Bergey  and 
Deehan^  in  1908.  Abel's  original  description  appeared  in 
1896.* 

Since  November  I  have  been  able  to  test  this  organism 
and  some  others  with  which  I  happen  to  be  working  simul- 
taneously on  eleven  different  kinds  of  carbohydrate. 

Repeated  tests  have  shown  the  following  result,  using 
Durham  tubes  each  containing  sugar-free  bouillon  plus  one 
per  cent  of  a  single  sugar.  The  mannite  fermented  first,  the 
tube  showing  nearly  five  per  cent  of  gas  over  night.  At  the 
end  of  twenty-four  hours  there  was  slight  gas  formation  with 
dextrose,  maltose,  and  raffinose.  At  the  end  of  two  days  the 
gas  had  greatly  increased  in  these  tubes,  while  gas  had 
begun  to  show  in  the  tubes  of  dextrine  and  adonite.  At  the 
end  of  the  third  day  the  gas  in  the  adonite  tube  increased 
moderately  and  in  the  dextrine  tube  slightly,  but  not  until 

♦  Presented  at  the  Twelfth  Annual  Meeting  of  the  American  Association  of  Pathol- 
ogists and  Bacteriologists,  Philadelphia.  April  6, 1919.  Receired  for  publication  April 
30, 1913. 
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the  end  of  the  fourth  or  fifth  day  did  gas  appear  in  the 
'  tubes  of  saccharose  or  sorbose.  The  next  day  both  of  these 
increased  very  much,  but  not  until  another  day  or  two  was 
there  any  gas  in  lactose.  Sometimes  the  lactose  failed  to 
ferment  until  the  eighth  or  ninth  day.  No  gas  or  acid  ever 
formed  in  the  tubes  containing  dulcite  or  inulin.  The  per- 
centage of  gas  varied  somewhat  with  different  trials,  but  the 
delay  in  the  beginning  of  gas  production  with  certain  sugars 
was  constant.  The  add  production  was  fairly  parallel  with 
the  gas  production. 

I  inoculated  two  guinea-pigs  of  equal  weight  with  an 
equal  amount  of  an  emulsion  of  Bacterium  ozaenae,  one  sub- 
cutaneously  and  the  other  intraperitoneally.  The  first  had 
no  apparent  lesion  or  illness,  and  the  other  was  found  dead 
in  the  morning.  Post-mortem  showed  extensive  peritonitis. 
Cultures  from  the  fluid  and  the  organs  showed  abundant 
growth  of  Bacterium  ozaenae.  The  heart  blood  smear  showed 
numerous  capsulated  organisms.  This  harmless  subcutane- 
ous and  fatal  intraperitoneal  guinea-pig  inoculation  agrees 
with  Abel's  experiments. 

Abel  found  this  organism  in  a  hundred  cases  of  atrophic 
rhinitis.  He  never  found  it  in  any  other  diseased  condition 
of  the  nose,  nor  in  any  atrophic  case  after  it  had  been 
thoroughly  healed.  In  one  case,  inoculation  of  a  sound 
nose  with  a  culture  started  up  the  atrophic  process.  He 
did  not  always  find  it  at  the  first  trial,  but  after  removing 
crusts  it  was  usually  possible  to  find  the  organisms  in  the 
fresh  mucus.  To  get  pure  cultures  it  is  absolutely  neces- 
sary that  the  vestibule  of  the  nose  be  sterilized,  and  the 
swab  protected  from  contact  with  any  surface  or  hairs. 

The  organism  which  most  nearly  resembles  Bacterium 
ozaenae  is  the  well-known  Friedlander  bacillus  or  Bacterium 
pneumoniae.  This  also  has  a  capsule  and  makes  but  little 
acid  in  litmus  milk  for  the  first  day  or  two. 

Abel  describes  the  difference  between  Bacterium  ozasnas 
and  Bacterium  pneumoniae  somewhat  as  follows: 

The  mass  of  growth  in  culture  tubes  is  more  watery  or  moist  than  the 
growth  of  the  pneumonia  bacillus.    It  is  so  moist  that  it  frequently  slides 
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down  the  surface  of  agar  or  serum  to  the  bottom  of  the  tube.  In  a 
gelatine  puncture  of  Bacterium  ozsense  the  surface  growth  spreads  out, 
while  with  the  Friedlander  bacillus  the  top  of  the  growth  heaps  up,  giving 
the  so-called  nail  culture.  The  ozena  bacillus  never  causes  a  brownish 
coloring  of  the  medium  in  old  gelatine  or  agar  cultures  as  the  Friedlander 
bacillus  frequently  does.  The  ozena  bacillus  gives  no  gas  on  potato,  and 
makes  but  very  little  gas  in  ordinary  gelatine  or  agar.  The  Friedlander 
bacillus  is  more  apt  to  show  short,  coccus-like  forms.  Subcutaneous 
inoculation  of  a  mouse  with  the  ozena  bacillus  is  always  fatal,  while  the 
subcutaneous  inoculation  with  the  Friedlander  is  never  fatal.  Intraperi- 
toneal inoculations  of  guinea-pigs  would  be  fatal  only  in  about  half  the 
animals  used. 

In  1906  von  Eisler  and  Porgcs*  described  a  method  of 
differentiating  the  Friedlander  bacillus  from  Bacterium  ozaenae 
and  the  Gram-positive  rhinoscieroma  bacillus  by  means  of 
the  precipitin  reaction  with  immune  sera.  They  show  that 
these  organisms  have  no  common  group  reaction  and  hence 
are  not  closely  related.  Their  method  involves  complicated 
laboratory  technic  and  seems  to  me  less  definite  than  the 
differentiation  by  means  of  fermentation  reactions. 

Many  different  organisms  have  doubtless  been  included 
under  the  name  of  Friedlander  bacillus  and  I  feel  sure  that 
Bacterium  ozaenae  |^as  sometimes  been  mistaken  for  it. 
Through  the  kindness  of  Professor  C.-E.  A.  Winslow  I 
received  from  the  American  Museum  of  Natural  History  in 
New  York  two  cultures  marked  B.  pneumoniae,  one  of  which 
coagulated  milk  in  two  days  and  made  no  gas  in  dextrine  or 
adonite.  Evidently  this  is  not  the  Friedlander  bacillus. 
The  other  culture  gives  the  typical  growth  and  characteris- 
tics of  the  Friedlander  bacillus,  but  it  does  not  ferment 
dulcite,  which  according  to  Dr.  Bergey^  it  should  do.  It 
reduces  neutral  red  more  rapidly  than  does  AbeFs  bacillus, 
and  also  reduces  nitrate  broth.  I  have  tried  it  in  parallel 
cultures  with  Bacterium  ozaenae,  and  the  results  show  in  the 
chart  and  diagrams.  While  each  ferments  the  same  sugars, 
the  delayed  fermentation  in  Bacterium  ozaenae  cultures  is  very 
striking. 
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DESCRIPTION  OF  FIGURES. 

Fio.  I.  —  Five  of  the  eleven  pairs  of  tubes  drawn  to  scale  to  show 
amount  of  gas  production.  Each  pair  shows  a  decided  difierence.  Man- 
nite  is  perhaps  the  most  striking  and  useful  because  differentiation  can 
be  made  oyer  night.    Two-fifths  actual  size. 

Fio.  2.  —  B.  ozmmm.  Complete  record  of  same  experiment  as  shown  in 
fiTe  left-hand  tubes  (Fig.  i).  Mannite  shows  first  and  most  active  fer- 
mentation in  this  particular  experiment.  Fermentation  of  saccharose  and 
sorbose  delajred  to  fourth  or  fifth  daj ;  lactose  to  ninth  or  tenth  daj,  finalljr 
reaching  serenty  per  cent. 

Fio.  3.  —  i9.  puemwufmim.  Complete  record  of  same  experiment  ai 
shown  in  five  right-hand  tubes  (Fig.  i ).  Reactions  mostl  j  prompt,  mannite 
espedallj  so  in  this  particular  experiment.    Lactose  slow. 
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Now  as  to  the  method  of  preparing  sugar  media  in 
Durham  tubes.  In  order  to  get  all  the  air  out  of  the  inner 
tube  it  is  necessary  to  autoclave  the  tubes  containing  sugar- 
free  bouillon,  allowing  the  air  to  escape  with  the  steam. 
I  add  the  sugar  after  the  tubes  have  been  sterilized,  because 
changes  begin  to  occur  in  lactose  and  some  other  sugars 
when  the  temperature  rises  above  no**  C.  or  six  pounds 
pressure.  Each  sugar  is  made  up  in  ten  per  cent  solution  in 
sterile  water,  sterilized  twenty  minutes  in  the  Arnold  steril- 
izer, and  then  added  with  a  sterile  pipette,  about  one-half  a 
cubic  centimeter  for  each  tube.  After  steaming  again  for  a 
few  minutes,  the  tubes  are  incubated  over  night  before  being 
labelled  witU  distinctive  labels.  For  dulcite  and  inulin  I 
make  the  solution  five  per  cent  instead  of  ten  because  they 
are  less  soluble. 

As  dulcite,  sorbose,  and  adonite  are  expensive  I  have 
devised  a  small-sized  tube  which  requires  only  a  single  drop 
of  a  ten  per  cent  solution  of  sugar  and  one  and  one-half 
cubic  centimeters  of  medium.  When  neutral  red  or  litmus  is 
added  as  an  indicator  there  is  no  necessity  for  testing  with 
litmus  paper  or  making  titrations. 

The  rhinologist  sending  the  swab  had  had  personal  reports 
from  London  that  a  vaccine  made  from  the  Friedlander  bacil- 
lus was  giving  good  results  in  cases  of  atrophic  rhinitis.  I 
think  that  the  two  organisms  possibly  had  been  confused. 

At  the  request  of  the  patient  and  of  the  rhinologist  I  made 
a  vaccine  from  the  culture  of  Bacterium  ozaenae  and  have 
been  using  it  for  treatment  about  every  three  days  with  grad- 
ually increasing  doses.  The  patient  noted  continual  sub- 
jective improvement,  diminution  of  crusts  and  increasing 
moistness  of  secretion.  After  three  months  great  improve- 
ment in  the  nose  is  reported  and  the  belief  is  that  the  result 
is  one  of  cause  and  effect  and  not  mere  coincidence.  There 
has  been  no  other  treatment.  A  swab  taken  at  this  time 
showed  abundance  of  Gram-negative  bacilli  with  capsules, 
and  culture  yielded  a  pure  growth  of  Bacterium  ozaenae. 
The  seat  of  the  trouble  in  this  case  is  in  the  right  frontal 
sinus  and  on  general  principles  one  cannot  expect  to  produce 
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a  rapid  effect  through  the  circulation  upon  capsulated  organ* 
isms  growing  on  a  mucous  membrane  with  such  limited 
blood  supply.     But  some  effect  has  been  produced. 

Od  Febniary  fifteenth  I  received  from  the  same  phjrsidan  a  swab  from 
another  patient  —  a  man  of  forty  who  has  had  atrophic  rhinitis  with  fetor 
ior  twenty-five  years,  but  is  otherwise  well  and  vigorous.  Culture  showed 
Bacterium  ozatnm^  Bacillus  pyocyaneus,  a  streptococcus  and  Albococcus 
candidtts.  I  began  treatment  with  vaccine  previously  made  from  Bacte- 
rium ozxnae.  Since  the  fourth  treatment  I  have  injected  also  some 
pyocyaneus  vaccine  in  the  opposite  arm.  The  local  reaction  corresponded 
in  severity  as  the  dose  increased.  After  two  weeks  the  patient  noticed 
that  his  nose  and  throat  were  not  so  dry  and  the  discharge,  which  was 
more  moist,  was  diminishing  in  amount.  On  March  twenty-sixth  a  fresh 
swab  showed  many  capsulated  Gram-negative  bacilli  in  the  mucus,  and 
culture  showed  Bacterium  ozaenae  with  very  few  colonies  df  Badllus  pyo- 
cyaneus. There  has  been  decided  diminution  of  the  odor,  and  the  patient 
is  to  continue  with  weekly  treatments. 

Cultures  of  Bacterium  ozaenae  recently  isolated  from  these 
two  patients  show  greater  delay  (9  and  15  days)  in  the 
fermentation  of  saccharose,  but  after  passage  through  a 
rabbit  one  culture  begins  to  ferment  saccharose  in  three 
days.  The  characteristic  delay  with  sorbose  and  lactose  still 
persists.  Two  strains  of  Friedlander  bacillus  just  received 
from  another  laboratory  show  minor  differences  from  each 
other  and  the  one  mentioned  above.  One  of  them  fails  to 
ferment  saccharose  for  twelve  days.  Acid  develops  with  the 
gas,  but  in  certain  tubes  the  reaction  later  becomes  alkaline. 

In  a  recent  article  Borschim  *  tells  of  extracting  from  the 
nasal  crusts  a  proteolytic  enzyme  derived  from  the  leucocytes 
and  not  from  the  bacteria.  He  also  finds  that  Bacterium 
ozsenx  has  a  soluble  toxine  and  is  making  further  investi- 
gations on  this  point. 

Independent  unpublished  investigations  made  during  the 
past  two  years  confirm  the  value  of  vaccine  treatment  in 
cases  of  atrophic  rhinitis.* 

CONCLUSION. 
I.     The  organism  easily  isolated  from  two  patients  corre- 
sponds with  the  description  of  Abel's  bacillus. 
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2.  In  fermentation  tests  with  eleven  sugars,  this  organism 
shows  delayed  gas  production  with  saccharose  and  sorbose, 
five  days;  lactose,  eight  days.  No  gas  with  dulcite  or 
inulin. 

3.  Several  cultures  from  various  laboratories  marked  B. 
pneumoniae  ferment  the  same  sugars,  but  without  delay. 

4.  Autogenous  vaccines  made  from  this  organism  are 
giving  encouraging  results. 

5.  For  makers  of  stock  vaccines,  fermentation  tests  offer 
a  means  of  distinguishing  Abel's  bacillus  from  the  bacillus 
of  Friedlander. 
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A   CASE  OF  OVARIAN   PREGNANCY.* 

G.  S.  Graham.  M.D. 
(^Assistant  Professor  of  Pathology  Dartmouth  Medical  College.^ 

The  findings  here  reported  have  to  do  with  a  specimen 
which  first  came  under  the  writer's  personal  observation 
some  days  after  its  delivery  at  the  laboratory.  When 
received  shortly  after  operation  the  specimen  had  been  sec- 
tioned and  examined  macroscopically,  after  which  a  part  of 
the  tissue  had  been  thrown  away  and  the  remainder  fixed  in 
Zenker's  fluid.  It  seems  that  while  the  discarded  tissue  was 
of  comparatively  small  amount  it  undoubtedly  contained 
valuable  material,  not  least  interesting  of  which  appears  to 
have  been  the  embryo  itself,  since  this  could  nowhere  be 
found  in  the  material  available  for  study.  Of  larger  moment 
is  the  fact  that  the  question  as  to  how  embedding  of  the 
ovum  took  place  cannot  be  determined  excepting  by  infer- 
ence, whereas  a  study  of  the  accurately  reconstructed  gross 
specimen  might,  perhaps,  have  yielded  more  positive  results. 
Despite  such  limitations,  however,  it  is  believed  that  as  an 
undoubted  case  of  ovarian  pregnancy  the  lesion  presents 
certain  points  of  interest,  particularly  upon  the  side  of  his- 
tology. 

The  tumor  mass  was  removed  from  S.  £.  R.,  married,  thirty-six  years 
of  age.  The  patient  is  described  in  the  hospital  record  as  a  £urly  well 
developed  and  nourished  woman  who  has  never  been  strong  though 
seldom  ill.  She  has  had  two  children  and  both  pregnancies  have  been 
free  from  complications.  The  last  child  was  born  four  years  ago.  She 
has  never  suffered  miscarriage.  The  menses  have  always  been  regular, 
though  for  the  past  two  years  rather  painful  and  profuse.  She  has  just 
recovered  from  a  month^s  constant  flowing.  This  is  the  first  instance  of 
such  intermenstrual  flow  that  she  has  ever  experienced.  A  little  over  one 
month  ago  there  was  an  attack  of  right-sided  abdominal  pain  associated 
with  vomiting,  the  attack  lasting  for  about  four  days. 

Physical  examination  was  negative  excepting  that  there  was  tenderness 
over  the  lower  abdomen,  more  marked  to  the  left  of  the  median  line  just 
above  the  pubes,  while  vaginally  a  small  tumor  was  palpable  in  the  region 
of  the  left  ovary. 

*  Received  for  pablication  May  3, 19x2. 
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On  the  day  fiDUowing  admission  to  the  hospital  the  appendix  and  the 
left  tube  and  ovary  were  removed  by  operation.    Recovery  was  uneventibl. 

The  Uboratory  protocol  gives  the  following  gross  description  of  the  left 
tube  and  ovary: 

The  specimen  consists  of  an  ovary  with  its  Fallopian  tabe.  The  tube 
measures  aboat  five  centimeters  in  length  and  about  .5  cendmeter  in  iu 
greatest  diameter.  Beyond  an  injection  of  the  superficial  blood  vesseb 
no  evidence  of  pathological  change  can  be  determined.  The  fimbriated 
end  is  patent  and  from  it  depends  a  small  appendix  vesiculosa.  The 
ovary  is  aboat  the  size  of  a  hen's  egg,  reddish  in  color  and  rather  soft. 
Iu  surface  is  bregolarly  furrowed  or  lobulated  and  appears  free  of  adhe- 
sions. Section  reveals  a  cavity  about  1.5  centimeters  in  diameter  placed 
excentrically  within  the  ovarian  mass  and  bounded  by  a  thin  white  mem- 
branous wall  of  rather  firm  consistence.  The  tissue  about  this  cavity  is 
soft«  reddish  in  color,  and  strongly  suggests  placental  tissue.  The  sur- 
rounding ovarian  tissue  is  firm  and  shows  numerous  injected  blood  vessels. 
In  its  thicker  portion  is  a  corpus  hiteum  which  borders  upon  the  soft 
reddish  mass  above  referred  to  and  appears  to  be  intimately  blended 
with  it. 

Blocks  of  the  preserved  tissue  were  embedded  in  paraffin  and  in  eel- 
loidin  and  sections  have  been  stained  by  hematoxylin  and  eosin,  eosin 
and  methylene  blue,  and  by  Mallory's  analin  blue  and  phosphotungstic 
acid  hematoxylin  methods.  Serial  sections  were  made  of  a  portion  of 
the  tissue. 

Microscopic  description.  —  Sections  from  the  ampulla  of 
the  oviduct  show  a  thin  walled  tube  with  a  lumen  1.5  milli- 
meters in  diameter  lined  with  a  distinctly  ciliated  epithelium. 
A  few  scattered  polymorphonuclear  and  large  mononucleated 
cells  lie  in  the  recesses  of  the  mucosal  folds,  but  otherwise 
the  lumen  is  free  of  cellular  or  other  exudate.  The  tunica 
propria  and  muscularis  show  no  evidence  of  past  or  present 
inflammatory  process.  The  blood  vessels  of  the  outer  mus- 
cular and  of  the  serous  tunics  are  dilated  and  crowded  with 
red  blood  corpuscles.  Grouped  on  one  side  of  the  oviduct 
near  the  outer  margin  of  the  external  muscular  coat  there 
are  found  three  longitudinally  disposed  tubules  lined  with 
columnar  epithelium  supported  upon  a  delicate  membrana 
propria,  beneath  which  are  bundles  of  smooth  muscle  cells 
arranged  for  the  most  part  longitudinally  but  with  occa- 
sional oblique  strands.  The  lumina  of  the'  tubules  vary  in 
different  sections  from  ten  to  twenty  microns  in  diameter, 
and   are   lined   by  epithelial   cells  six  to  seven  microns  in 
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height  and  of  columnar  form.     Distinct   terminal  bars  are 
present  and  an  occasional  cell  bears  indistinct  cilia. 

The   surface  of  the   ovary   is   irregularly  contoured  and 
over  a  portion  of  it  the   germinal   epithelium  is  well  pre- 
served.    Within  the  cortex  are  found  frequent  corpora  albi- 
cantia  with  an  occasional  Graafian  follicle  in  an  early  stage 
of    Its   development.     The   blood    vessels    are   dilated  and 
filled    with  erythrocytes.     Many  vessels   of  large   diameter 
show  only  the  simplest  endothelial  wall.    There  is  slight  endar- 
teritis of  the  smaller  arteries.     From  one  block  of  the  ovarian 
tissue,  and  from  this  only,  there  were  obtained  sections  show- 
ing along  the  outer  margin  of  the  cortex  a  cross  section  of  a 
tubular  structure  lined  with  a  single  layer  of  epithelial  cells ; 
these  are  usually  of  a  high  columnar  form,  although  many 
cuboidal  cells  are  mingled  with  the  more  typical  elements. 
Scattered  cells  or  groups  of  cells  show  distinct  cilia  and  an 
occasional  cell  is  found  in  mitosis.     The  main  tubule  has  a 
diameter  of  from  forty  to  fifty  microns  and  from  it  are  given 
off  short  lateral  branches  of  smaller  size.     The  epithelium 
rests  upon  a  thin  layer  of  fibrillar  tissue  beneath  which  there 
is  a  layer  of  varying  thickness  made  up  of  typical  stroma 
cells  of  the  ovarian  cortex  and  containing  numerous  capillary 
vessels,  all  deeply  injected.     A  third  layer  of  fibrillar  con- 
nective tissue  in  which  are  embedded  many  smooth  muscle 
bundles  merges  internally  into  typical  ovarian  tissue  without 
the  slightest  appearance  of  any  line  of  demarcation.     This 
whole  formation  is  first  apparent  in  the  region  of  the  mes- 
ovarial  stem  of  the  ovary  whence  it  extends  outward  for  a 
distance  of  about  one  centimeter. 

In  general,  sections  through  the  ovary  show  an  outer  zone 
of  typical  ovarian  tissue  along  whose  inner  margin  a  vari- 
able "  transition  zone  "  forms  the  boundary  of  a  third  and 
innermost  zone.  Within  the  latter  are  found  numerous 
chorionic  villi  with  intervillous  spaces  containing  red  blood 
corpuscles,  fibrin,  and  trophoblast  elements,  together  with  a 
considerable  number  of  leucocytes.  The  inner  margin  of 
this  zone  is  defined  by  the  fetal  membranes.  The  outer 
zone  of  ovarian  tissue  is  1.5  centimeters  in  thickness  at  its 
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widest  part ;  thence  it  tapers  gradually  to  become  in  a  part 
of  its  extent  a  mere  capsule-like  covering  for  the  gestation 
sac.  The  thickest  portion  of  the  crescentic  mass  thus  pre- 
sented in  sections  encloses  a  recent  corpus  luteum  with  a 
relatively  large  non-obliterated  central  cavity.  In  its  thin- 
nest portion  the  ovarian  ring  consists  of  partially  necrotic 
connective  tissue  with  dilated  thin-walled  vessels  and  frequent 
interstitial  blood  extravasations,  but  as  the  body  of  the 
crescent  is  approached  the  stroma  tissue  becomes  better  pre- 
served and  normal  histological  details  are  defined.  The 
layer  immediately  about  the  gestation  sac  is  uniformly  looser 
in  texture  than  that  of  the  outer  portion  of  the  ovarian  wall 
and  here  and  there  appear  in  the  interstitial  spaces,  par- 
ticularly in  the  neighborhood  of  the  blood  vessels,  large 
epithelioid  cells  with  deeply  stained,  rounded  or  slightly 
irregular  nuclei  and  dense  cytoplasm,  the  latter  at  times 
slightly  vacuolated.  In  the  region  immediately  about  the 
corpus  luteum  there  is  reached,  finally,  what  may  be  con- 
sidered as  the  attempted  formation  of  a  placental  area. 
Here  a  rudimentary  transition  zone  has  become  demarcated 
and  along  its  inner  edge  is  a  varying  layer  of  canalized 
fibrin  while  traces  of  a  second  deeper  fibrin  deposit  are  to 
be  found  within  the  stroma.  The  maternal  tissue  is  .invaded 
by  cell  columns  containing  occasional  mitotic  figures  and 
derived  from  a  proliferation  of  the  cytotrophoblast  covering 
the  tips  or  sides  of  the  villi.  Such  columns  usually  attack 
the  stroma,  where  it  overlies  a  superficial  blood  vessel, 
whence  the  invading  cells  advance  beneath  the  vascular 
endothelium,  dislodge  it  and  push  it  inward,  after  which  they 
spread  laterally  from  the  point  of  puncture  as  a  single  or 
double  cell  layer;  the  endothelium  soon  disappears  and  the 
maternal  blood  makes  its  escape  through  the  breach  thus 
established  to  enter  the  intervillous  space  along  the  sides  of 
the  cell  column.  Vessels  may  be  punctured  in  this  manner 
in  several  different  places  by  cell  columns  from  the  same  or 
different  villi  and  occasionally  the  villus  itself  may  enter  the 
vascular  lumen  although  this  appears  to  be  unusual.  In 
case  the  invading  cells  find  no  blood  vessel  close  enough  for 
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successful  attack  their  advance  as  a  body  ceases,  but  isolated 
elements  may  wander  away  into  the  surrounding  stroma  tis- 
sue where  they  congregate,  particularly  in  or  about  the 
vessel  walls ;  here  their  presence  is  often  associated  with  the 
appearance  of  hyaline  changes  in  the  vascular  connective 
tissue.  In  some  cases  the  cells  occur  also  within  the  vessels 
where  they  may  appear  as  loose  masses  which  may  or  may 
not  be  associated  with  the  presence  of  similar  cells  within  the 
vascular  coats.  A  larger  vessel  of  arterial  structure  lying 
closfc  to  the  gestation  sac  appears  to  have  repelled  the  attack 
of  a  cell  column  which  had  invested  its  walls  but  which  failed 
to  penetrate  the  muscular  coat.  The  cells  thus  widely  dis- 
seminated are  of  an  average  diameter  of  about  twenty 
microns  and  possess  a  vesicular  nucleus  with  deeply  stained 
chromatin  network  and  a  prominent  nucleolus;  the  cyto- 
plasm is  dense,  finely  granular,  often  with  a  slight  basic 
tinge  and  with  a  delicate  unstained  peripheral  zone  of  wavy 
or  angular  outHne.  Within  the  interstitial  spaces  the  cells 
maintain  these  characteristics  or  show  at  most  only  a  slight 
vacuolation  of  their  cytoplasm,  but  among  those  found  in 
the  intravascular  collections  are  many  which  are  undergoing 
degenerative  change,  as  is  shown  by  an  increasing  vacuola- 
tion of  their  cytoplasm  with  consequent  distention  of  the 
cell  and  by  a  progressive  chromatolysis  of  the  nucleus  pro- 
ceeding to  a  complete  disappearance  of  its  staining  reaction. 
Neither  in  the  embedding  area  nor  elsewhere  is  there  any 
appearance  of  a  stroma  reaction  comparable  to  that  which 
results  in  the  formation  of  the  decidual  cells  of  uterine 
placentation.  The  syncytium  at  times  gains  entrance  into 
the  stroma  but  never  penetrates  deeply.  It  is  represented 
by  an  occasional  multinucleated  mass  of  cytoplasm  which 
may  appear  to  fade  off  into  delicate  rays  of  hyaline  mate- 
rial, but  the  deep  penetration  of  syncytial  giant  cells  such 
as  occurs  in  the  uterus  is  never  found.  The  syncytium  may 
accompany  the  cytotrophoblast  into  the  lumina  of  the 
maternal  blood  vessels  and  in  one  instance  in  which  the 
connective  tissue  core  of  the  villus  had  itself  advanced  into 
such    a   vessel   the   syncytium    found   lodgment    upon    the 
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internal  vascular  wall  where  it  spread  for  a  considerable  dis- 
tance along  the  denuded  surface.  Here  it  became  vacuo- 
lated and  a  few  of  its  intracytoplasmic  spaces  were  filled 
with  red  corpuscles,  a  condition  analogous  to  that  to  be 
described  below  as  occurring  in  the  intervillous  spaces. 
For  the  most  part  the  syncytium  appears  to  lag  behind  when 
the  trophoblast  meets  and  invades  the  maternal  stroma  and 
while  occasional  masses  or  perhaps  individualized  cell  forms 
may  accompany  the  Langhan's  cells,  by  far  the  greater  bulk 
of  the  tissue  spreads  laterally  over  the  surface  of  the  stroma 
where  it  quickly  undergoes  degenerative  changes  and  may  be 
seen  to  fade  off  into  a  hyaline,  non-nucleated  material  which 
is  finally  distinguishable  from  the  so-called  canalized  fibrin 
forming  the  floor  of  the  intervillous  space. 

The  corpus  luteum,  about  which  the  area  of  embedding 
seems  to  nuiss  itself,  has  been  made  the  subject  of  vigorous 
attack  upon  the  side  adjoining  the  gestation  sac,  where  an 
area  representing  about  two-fifths  of  the  total  area  presented 
in  sections  has  been  destroyed,  blood  clot  and  an  occasional 
chorionic  villus,  usually  of  poor  preservation,  entering  the 
gap  thus  formed  to  mingle  with  necrotic  lutein  cells,  leuco- 
cytes, and  nuclear  detritus.  In  some  places  the  destruction  of 
lutein  cells  has  involved  the  entire  parenchyma  on  the 
exposed  side  and  the  degenerative  process  has  been  arrested 
only  after  the  laying  bare  of  the  central  ring  of  loosely 
arranged  fibroblastic  tissue ;  again,  an  inner  border  of  normal 
lutein  cells  may  persist  in  an  otherwise  necrotic  interseptal 
compartment.  In  the  latter  case  there  is  often  a  sharply 
defined  line  of  demarcation  between  the  normal  and  the 
degenerated  lutein  cells.  Degenerative  changes  in  the  lutein 
cells  appear  to  be  due  rather  to  pressure  from  interstitial 
hemorrhage  than  to  the  solvent  action  of  the  trophoblast 
cells,  since  the  latter  are  present  only  in  small  numbers 
within  the  degenerating  areas,  their  cell  groups  never  advanc- 
ing beyond  the  marginal  region  of  the  original  lutein  cell 
formation  while  only  rarely  are  isolated  cells  found  within 
the  deeper  portions.    The  hemorrhage  proceeds  from  vessels 
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of  the  theca  folHcuH  or  of  the  septa  which  have  been  punc- 
tured by  trophoblast  cells  in  the  marginal  region  and  as  it 
forces  its  way  among  the  lutein  cells  it  breaks  them  up  into 
islands  or  columns  which  soon  undergo  cloudy  swelling.  In 
eosin  stained  preparations  the  degenerating  lutein  cells  pre- 
sent in  many  cases  a  uniform  light  brown  pigmentation  of 
the  cytoplasm,  while  with  phosphotungstic  acid  hematoxylin 
the  cytoplasm  is  stained  a  deeper  blue  than  is  that  of  the 
normal  cell.  Subsequently  there  is  shrinkage  of  the  cell 
with  granular  disintegration  of  the  cytoplasm  and  nuclear 
achromatosis.  Early  in  the  course  of  these  changes  the 
coarse  fibroglia  fibrils  so  abundantly  developed  in  the  normal 
cell  become  thickened  and  retracted  so  that  they  fail  to  pass 
beyond  the  boundaries  of  their  proper  cell  but  form  a  heavy 
marginal  zone  of  deeply  stained  material  about  its  cytoplasm. 
In  the  last  stages  of  necrosis  there  is  complete  disappearance 
of  the  fibrils. 

The  fetal  membranes  present  a  typical  amnion  of  flattened 
to  cuboidal  ectodermic  cells  variably  intact  or  vacuolated 
and  resting  upon  a  narrow  band  of  refractile  non-nucleated 
mesodermic  tissue.  The  terminal  bars  described  by  Freund 
and  Thom^  ^  cannot  be  determined,  although  a  denser  ecto- 
plasmic  border  sometimes  distinguishable  gives  an  appear- 
ance at  times  suggesting  such  structures.  Along  the  outer 
margin  of  the  supporting  mesoderm  extends  an  interrupted 
layer  of  flattened  mesothelial  cells  which  frequently  show 
cytoplasmic  vacuolation  and  degenerative  nuclear  changes. 
The  cavity  of  the  extra-fetal  coelom  is  not  entirely  obliterated 
but  is  bridged  by  delicate  mesodermic  strands.  The  chorion 
and  its  well  developed  villi  are  covered  by  a  typical  tropho- 
blast within  whose  basal  layer  there  is  occasional  mitosis,, 
while  at  frequent  intervals  the  syncytium  sends  delicate  pro- 
longations downwards  between  the  Langhan's  cells  to  the 
basement  membrane.  The  syncytium  does  not  contain 
mitotic  figures;  its  cytoplasm  is  dense,  finely  granular  in 
many  places,  and  contains  numerous  small  vacuoles  which 
may  appear  colorless  or  of  a  faint  blood-pigment  coloration. 
The   degree   of  vacuolation  is  variable  and  in    general  the 
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areas  showing  the  greatest  vacuolation  are  also  those  in  which 
the  "  prickle  edge  "  appearance  of  the  outer  syncytial  margin 
becomes  most  prominent.  Syncytial  buds  or  proliferation 
nodes  are  often  bounded  on  all  their  free  surfaces  by  a 
denser  border  zone  enclosing  the  central  vacuolated  cyto- 
plasm within  which  the  nuclei  are  embedded,  and  the  prickle 
edge  is  here  developed  upon,  or  rather  within,  this  marginal 
zone  along  its  whole  extent.  The  mesodermic  supporting 
tissue  of  the  chorionic  villi  varies  in  character  from  that  of  a 
well  developed  fibrillar  tissue  to  that  of  a  loose  meshed 
tissue  of  embryonic  type  within  whose  spaces  occur  large 
vacuolated  or  granulated  cells,  the  so-called  Hofbauer  celb. 
An  occasional  nucleated  red  cell  may  be  found  lying  within 
the  ill-defined  blood  vessels  of  the  larger  villi  as  has  been 
noted  previously  in  a  few  cases,**'  although  the  finding  con- 
trasts with  such  statements  as  that  of  Bondi  ^  that  neither 
fetal  red  cells  nor  fetal  vessels  could  be  discovered.  In  occa- 
sional instances  degenerative  changes  of  marked  extent 
have  involved  entire  villi. 

The  intervillous  space  contains  red  blood  corpuscles,  leu- 
cocytes, and  other  structures  normally  to  be  expected,  as 
cell  islands,  proliferation  nodes,  and  fibrin.  About  many  of 
the  villi  there  appears  a  space  or  channel  of  varying  width 
outlined  externally  by  a  thin  sheet  of  •*  fibrin "  and  filled 
with  red  cells  which  appear  to  be  in  various  stages  of  disin- 
tegration. This  appearance  is  particularly  marked  in  sec- 
tions stained  by  phosphotungstic  acid  hematoxylin.  There 
is  distortion  of  the  size  and  shape  of  the  erythrocytes  and 
the  individual  cells  show  a  tendency  toward  fusion  into  a 
common  mass  of  homogeneous  material.  The  suggestion  of 
the  progress  here  of  some  solvent  action  exerted  against  the 
red  cell  is  supported  by  the  fact  that  during  the  course  of 
the  morphological  change  the  cells  lose  their  strong  affinity 
for  the  stain  and  stand  out  finally  in  sharp  contrast  with  the 
normal  cells  circulating  in  the  intervillous  space.  The  envel- 
ope forming  the  outer  wall  of  these  perivillous  blood  spaces 
is  at  times  connected  with  the  syncytial  layer  of  the  tropho- 
blast  by  interlacing  non-nucleated    strands   of  cytoplasmic 
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material  undoubtedly  derived  from  the  syncytium  itself. 
The  whole  appearance  recalls  the  mesh-like  syncytial  figures 
described  in  the  trophoblast  of  the  early  ovum  such  as  that 
of  Peters,  while  it  accords  also  with  a  similar  picture  recently 
observed  in  this  laboratory  in  the  case  of  a  trophoblast  of 
about  four  millimeters  diameter  contained  in  a  scrap  of 
uterine  curettements. 

Discussion.  —  Among  the  previous  reports  upon  ovarian 
pregnancy  perhaps  the  greatest  diversity  of  opinion  has 
related  to  the  identity  of  the  large  epithelioid  cells  found  in 
the  ovarian  stroma  about  the  gestation  sac.  They  were 
described  by  van  Tussenbroek  in  her  classic  paper  and 
appear  to  have  been  interpreted  by  her  as  mainly  of  mater- 
nal origin.  Subsequent  observers  have  considered  them  as 
decidual  cells,  as  decidually  altered  stroma  cells,  as  endothe- 
lial cells,  while  again  it  is  stated  that  they  are  indistinguisha- 
ble from  lutein  cells.  From  the  descriptions  and  plates  of 
these  various  authors  it  would  appear,  however,  that  in  all 
these  cases  the  cells  concerned  have  been,  at  least  for  the 
most  part,  Langhan's  cells.  Kiihne  ^  considered  as  such  the 
epithelioid  cells  observed  by  him  in  his  study  of  tubal  preg- 
nancy and  more  recent  writers  have  agreed  with  him  in  his 
conception  of  the  Langhan's  cell  as  an  active  invader  of  the 
maternal  tissues.  In  the  present  case  there  is  little  difficulty 
in  following  the  Langhan's  cells  from  their  position  at  the  tips 
or  along  the  sides  of  the  chorionic  villi  into  the  ovarian 
stroma  tissue,  where  they  appear  to  exert  some  solvent 
action  upon  the  maternal  cells  and  particularly  upon  those 
of  the  vascular  intima ;  thus  they  are  enabled  to  penetrate  the 
vessel  walls,  provided  such  wall  is  not  too  highly  constituted 
(as  is  perhaps  the  case  in  the  larger  vessels),  while  as  isolated 
elements  they  may  wander  through  the  stroma  tissue  singly 
or  in  small  groups  to  attack  the  smaller  vessels  of  the  whole 
embedding  area.  While  their  action  upon  the  more  remote 
vessels  appears  to  be  limited  for  the  most  part  to  the  produc- 
tion of  a  peculiar  hyaline  change  in  the  vascular  wall,  it  is 
possible  that  the  intravascular  cell  collections  above  described 
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may  come  from  a  penetration  of  the  intima  by  isolated 
groups  of  cells  carrying  behind  them  no  solid  chorionic  villus 
to  maintain  the  temporary  breach  made  by  them  in  the 
vessel  structure.  The  close  association  of  the  cells  with  the 
vessel  walls  has  no  doubt  led  to  their  confusion  with  endothe- 
lial cells,  while  the  failure  on  the  part  of  many  observers  to 
trace  the  history  of  the  Langhan's  cell  appears  to  be  due  to 
the  fact  that  they  did  not  find  in  their  sections  any  actual 
contact  of  the  chorionic  villus  with  the  ovarian  stroma. 
Franz*  observed  conditions  entirely  duplicated  in  the  present 
case  and  reached  conclusions  as  here  stated  in  regard  to  the 
identity  and  function  of  the  Langhan's  cell. 

Of  larger  moment  is  the  question  as  to  how  the  ovum 
secures  implantation  in  the  ovary.  In  the  majority  of  cases 
it  has  been  concluded  that  embedding  takes  place  originally 
in  the  wall  of  a  Graafian  follicle.  Van  Tussenbroek  and 
others  have  concluded  that  the  impregnated  ovum  subse- 
quently burrowed  through  the  developing  wall  of  the  corpus 
luteum  to  take  up  its  position  in  the  stroma  just  outside. 
Hewetson  and  Lloyd/  however,  describe  a  perfectly  intact 
corpus  luteum  protruding  into  the  gestation  sac  and  suggest,* 
as  does  Franz  for  his  case,  that  the  ovum  may  have  pushed 
its  way  downward  into  the  stroma  tissue  from  an  original 
situation  upon  the  surface  of  the  ovary.  On  the  other  hand, 
Webster^  insisted  that  the  ovum  can  implant  itself  only  upon 
Miillerian  tissue  and  believed  that  in  all  cases  of  ovarian 
pregnancy  embedding  takes  place  in  rests  of  this  tissue  such 
as  he  believed  easily  demonstrable  in  the  ovary  during 
uterine  pregnancy.  Schickele's  suggestion  that  implantation 
takes  place  in  the  epoophoron  is  in  practical  accord  with  this 
theory,  as  is  also  Leopold's  contention  that  the  ovum  embeds 
itself  outside  the  uterus  only  upon  a  mucous  surface  bearing 
cylindrical  epithelium.  In  the  present  case  the  wide  breach 
in  the  side  of  the  corpus  luteum  reproduces  the  picture 
which  has  been  interpreted  as  evidence  of  an  outward 
migration  of  the  ovum  through  the  wall  of  that  body,  but 
such  evidence  in  support  of  an  intrafollicular  embedding 
must  yield  before  the  finding  of  an  epithelial  lined  tubule  in 
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the  cortex  of  the  ovary.  Even  without  a  demonstrated 
communication  of  its  lumen  with  the  ovarian  surface,  the 
presence  of  this  structure  renders  it  in  the  highest  degree 
probable  that  the  ovum  first  found  lodgment  upon  the  epi- 
thelial surface  here  presented.  On  the  other  hand,  given 
this  original  site  of  implantation,  there  still  remains  to  be 
explained  the  fact  that  the  gestation  sac  seems  to  be  cen- 
tered rather  in  the  vicinity  of  the  corpus  luteum  than  about 
the  epithelium  of  the  cortical  inclusion.  Here  it  seems 
necessary  that  we  postulate  the  existence  of  some  attracting 
force  exerted  upon  the  embedded  ovum  by  the  corpus 
luteum,  as  a  result  of  which  the  ovum  burrows  its  way 
through  the  intervening  stroma  tissue  to  take  up  its  position 
near  the  attracting  body.  The  existence  of  such  an  attract- 
ing force  would  serve  to  explain  the  frequent  close  relation- 
ship observed  between  the  gestation  sac  and  the  corpus 
luteum,  while  upon  general  theoretical  grounds  it  would 
appear  more  probable  that  an  ovum  originally  embedded 
elsewhere  in  the  ovary  might  be  attracted  toward  the  corpus 
luteum  than  that  after  a  primary  embedding  within  that 
body  it  would  attack  the  wall  to  pass  outward  into  the  more 
indifferent  stroma  tissue.  From  the  appearance  in  the 
present  case  there  can  be  little  doubt  that  the  attack  upon 
the  corpus  luteum  has  been  from  without,  since  the  area  of 
degeneration  appears  as  a  cone  with  its  base  outward  while 
its  inner  truncated  apex  still  presents  some  residue  of 
unaltered  lutein  cells. 

The  changes  observed  in  the  fibroglia  fibrils  of  the  lutein 
cells  during  the  progress  of  cell  dissolution  are  of  interest. 
The  morphological  change  in  the  fibrils  occurs  very  early  in 
the  course  of  cellular  change,  so  that  it  would  appear  that 
the  condition  of  the  fibril  here  becomes  an  index  as  to  the 
viability  of  the  cell  to  which  it  is  appended. 

As  to  the  meaning  of  the  epithelial  structure  found  in  the 
cortex  of  the  ovary,  there  was  a  strong  temptation  to  regard 
it  as  an  embryonic  rest  of  Mullerian  tissue,  particularly  in 
view  of  the  presence  in  the  musculature  of  the  Fallopian 
tube  of  structures  probably  to  be  interpreted  as  embryonic 
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remains;  but  the  highly  developed  epithelium  present, 
together  with  the  size  of  the  tube  which  it  lines,  and  the 
accompanying  wide  layer  of  smooth  muscle  tissue  point 
rather  toward  its  being  a  small  portion  of  the  fimbriated  end 
of  the  tube  which  has  been  caught  to  the  ovarian  surface  by 
adhesions,  twisted  off  from  its  original  connection,  and 
incorporated  into  the  ovary.  It  may  be  noted  in  passing 
that  previous  writers  have  in  some  cases  found  more  smooth 
muscle  in  the  ovaries  examined  by  them  than  would  nor- 
mally be  expected  to  occur  in  that  organ,  and  it  may  perhaps 
be  questioned  whether  in  these  cases  there  may  not  have 
been  presented  some  undiscovered  structure  similar  to  that 
here  described. 

Cases  of  ovarian  pregnancy  would  appear  to  offer  excel- 
lent opportunity  for  the  study  of  the  fetal  elements,  since 
the  ovum  is  usually  in  an  early  stage  of  development  and 
the  picture  is  not  complicated  by  the  presence  of  uterine 
tissues.  But  with  the  possible  exception  of  their  testimony 
in  support  of  the  fetal  origin  of  the  syncytium  they  have 
contributed  little  of  value.  The  embryo  itself  has  seldom 
been  found,  probably,  as  here,  through  inadvertence,  and 
when  found  it  has  been  of  no  particular  interest.  Meso- 
dermic  and  ectodermic  tissues  of  the  membranes  and  cho- 
rionic villi  as  well  as  the  contents  of  the  intervillous  space 
are  of  normal  appearance.  The  syncytial  network  above 
mentioned  as  surrounding  the  chorionic  villus  in  such  a  way 
as  to  form  a  channel  filled  with  disintegrating  red  cells  is, 
however,  of  some  interest.  This  net  is  not  considered  as  a 
mere  **  symplasma  syncytiale "  indicative  of  degenerative 
change  in  the  trophoblastic  epithelium.  It  occurs  perhaps 
most  frequently  toward  the  ends  of  the  villi,  where  the  tro- 
phoblast  is  most  active,  and  here  it  appears  to  receive  into 
its  channels  the  blood  corpuscles  escaping  from  nearby 
vessels  of  the  embedding  area.  The  erythrocytes  found 
within  the  spaces  of  the  structure  show  morphological  and 
tinctorial  alterations  which  may  be  interpreted  as  indicating 
gradual  solution  of  the  cytoplasm,  while  the  syncytium  form- 
ing  the  wall  of  the  space  shows  evidence  of  considerable 
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glandular  activity  by  the  presence  within  its  cytoplasm  of 
vacuoles  and  mitochondria.  From  such  considerations  the 
structure  is  interpreted  as  a  net  designed  for  the  imprison- 
ment of  the  red  cell  while  it  is  being  subjected  to  some  lytic 
action  preparing  it  for  use  as  pabulum  by  the  embryo. 
Such  direct  utilization  of  the  red  cell  as  an  **  embryotrope  '* 
during  the  early  nutritive  phase  of  the  ovum  is  well  proved 
upon  other  grounds  despite  the  slight  histological  evidence 
that  has  been  produced  in  its  support  In  the  present  case 
it  may  be  conceived  that  the  ovum  is  deprived  of  the  usual 
nutritive  material  normally  supplied  by  the  endometrium 
and  has  been  obliged  to  make  greater  efforts  toward  utiliza- 
tion of  the  red  cell  and  its  products  than  is  necessary  in  the 
case  of  the  early  uterine  embryo.  The  same  consideration 
may  account  for  the  fact  that  here,  as  in  previous  cases,  the 
syncytium  shows  in  many  places  a  highly  developed  **  prickle 
edge,"  a  structure  probably  to  be  considered  as  a  brush 
border  indicative  of  glandular  activity  rather  than  as  due  to 
the  presence  of  cilia  upon  the  syncytial  surface.  The  simul- 
taneous presence  of  a  **  hemotrophic  phase"  of  nutrition  in 
the  present  specimen  is,  of  course,  not  to  be  excluded,  since 
many  villi  are  bathed  directly  by  the  histologically  unaltered 
blood  making  up  the  bulk  of  the  contents  of  the  intervillous 
space.  The  trophoblast  of  such  villi  is  typical  of  that  found 
in  the  early  uterine  placenta.  If  the  above  view  is  correct, 
however,  there  may  be  in  ovarian  pregnancy  an  unusual 
persistence  of  the  embryotrophic  phase  of  nutrition  and  a 
histological  demonstration  of  the  utilization  of  the  maternal 
red  cell  as  an  embryotrope, 
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DESCRIPTION  OF  PLATES. 
Plate  XXVIU. 

Fig.  z.  —  Langhan'8  cells  pushing  into  vessel  and  dislodging  endo- 
thelium. 

Fig.  2.  ^  Trophoblast  puncturing  a  vessel  and  spreading  along  its 
denuded  intima. 

Plate   XXIX. 

Fig.  3.  —  Edge  of  corpus  luteum.  Advance  of  Langhan*s  cells  followed 
by  hemorrhage.  Latter  leads  to  degeneration  of  lutein  cells  (mechan- 
ical). 

Fig.  4.  — Normal  lutein  cells  showing  fibroglia  fibrils. 

Fig.  5.  —  Degenerating  lutein  cells. 
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ON    INDUCED    VARIATIONS    IN    BACTERIAL    FUNCTIONS.      AN 
EXPERIMENTAL  STUDY.* 

A.  C.  Abbott,  M.D.,  Sc.D.,  D.P.H. 

(^Professor  of  Hygiene  and  Bacteriology^  University  of  Pennsylvania,) 

{,Fr9m  ik4  Laboratory  of  Hygietu^  University  of  PeHusylvania,) 

In  1 891  I  recorded  an  observation  to  the  effect  that  if 
Staphylococcus  pyogenes  aureus  be  exposed  to  corrosive 
sublimate  solutions  of  the  strength  of  i :  1,000  for  a  time  not 
sufficiently  prolonged  to  kill  all  the  exposed  organisms,  many 
of  the  colonies  developing  from  the  surviving  individuals 
were  of  unusual  brilliancy  in  color  and  revealed  a  peculiar 
viscosity  that  differentiated  them  markedly  from  the  creamy 
•colonies  characteristic  of  the  normal  organism.^ 

No  explanation  for  this  phenomenon  was  offered  at  that 
time  nor  is  it  possible  to  supply  a  satisfactory  one  now.  It 
<:an  only  be  said  that  among  the  survivors  from  such  expos- 
ures there  are  always  a  few  of  the  viscid  colonies.  If,  how- 
•ever,  such  colonies  be  again  exposed  to  sublimate  solution 
they  regain  their  normal  creamy  consistency  after  about  the 
•fifth  successive  exposure.  This  phenomenon  is  not  peculiar 
to  cocci  exposed  to  corrosive  sublimate  solutions  but  occurs 
after  exposure  to  several  other  metallic  salts  as  well,  notably 
•copper  sulphate. 

In  more  recent  efforts  to  obtain  light  on  this  matter  certain 
other  changes  in  the  general  behavior  of  the  organisms  have 
been  noted  from  time  to  time  — thus:  as  the  exposures  were 
•continued  the  surviving  colonies  seemed  gradually  to  acquire 
an  intense  orange  color  and,  in  the  case  of  a  few  trans- 
plantations to  gelatine,  to  be  more  active  in  their  liquefying 
function  than  had  been  the  case  at  the  start.  This  led  to  a 
more  or  less  systematic  study  of  the  influence  of  corrosive 
sublimate  and  other  agents  upon  the  commonly  observed 
functions  of  Staphylococcus  aureus  as  noted  in  the  course 
of  routine  laboratory  study. 

The  results,  though  of  no  apparent  practical  value,  we 

♦  Received  for  publication  May  3, 1912. 
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regard  as  of  sufficient  general  biological  interest  to  justify  a 
record  of  them. 

In  casting  about  for  materials  with  which  to  begin  work  we 
selected  for  our  first  series  of  experiments  (begun  in  Octo- 
ber, 1910)  a  strain  of  Staphylococcus  aureus  that  might 
fairly  be  regarded  as  normal  in  all  respects,  except  that  its 
power  to  liquefy  gelatine  was  somewhat  lower  than  that  com- 
monly seen  with  this  organism. 

For  the  second  series  (begun  October,  191 1 )  we  selected^ 
because  of  experiences  gained  in  our  first  series,  another 
strain  that  was  conspicuously  feeble  in  so  far  as  proteolytic 
activity  was  concerned.  Both  strains  came  from  suppurative 
processes  in  man,  and  both  caused  typical  abscesses  in 
the  kidneys  and  myocardium  of  rabbits  after  intravenous 
injections. 

As  the  experimental  procedures  were  the  same  through- 
out, a  general  description  will  suffice. 

Methods.  —  From  a  well  developed  agar  agar  culture  of 
Staphylococcus  aureus  enough  was  carefully  broken  up  in 
about  one  cubic  centimeter  of  sterile  sodium  chloride  solu- 
tion (.85  per  cent)  to  make  a  dense  milky  suspension. 

About  one  cubic  centimeter  of  this  was  then  added  to  fifty 
cubic  centimeters  of  the  solution  of  the  chemicals  to  be  used. 
In  our  studies  we  employed  mercuric  chloride,  phenol,, 
sodium  carbonate,  and  a  number  of  the  organic  acids,  though 
the  results  here  recorded  refer  only  to  the  mercury  salt,  the 
phenol,  and  the  sodium  carbonate. 

As  a  rule  the  mercuric  chloride  was  employed  in  i  :  1,000 
strength;  occasionally  it  was  weaker  than  this  but  never 
stronger.  Phenol  was  for  a  time  used  in  one  per  cent 
strength  but  it  was  finally  reduced  to  .75  per  cent  as  more 
favorable.  Sodium  carbonate  was  always  a  watery  solution 
saturated  at  room  temperature. 

All  the  experiments  were  made  at  the  temperature  of  the 
room. 

The  time  of  exposure  of  the  organisms  to  the  chemicals 
varied  with   the  different  agents;    for   sublimate   it   ranged 
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between  five  and  twenty  minutes,  occasionally  being  as  long 
as  twenty-five  minutes;  for  phenol  solutions  the  exposures 
were  for  about  the  same  time ;  for  the  sodium  carbonate 
solution  it  was  as  a  rule  longer,  rarely  below  fifteen  or  twenty 
minutes,  and  often  as  long  as  thirty  to  forty  minutes. 

As  the  experiments  were  not  of  a  quantitative  nature  no 
effort  was  made  to  determine  the  limits  of  the  activities ;  we 
merely  desired  to  expose  the  organisms  for  such  time  and 
under  such  circumstances  as  would  insure  the  survival  of 
some  of  them.  We  hoped  especially  to  demonstrate  the 
influence  of  such  environment  on  the  functional  activities  of 
the  survivors  and  their  offspring. 

At  the  termination  of  the  time  set  for  the  exposures,  three 
or  four  drops  of  the  mixture  of  organisms  and  germicide 
were  transferred  by  means  of  a  dropping  pipette  to  about 
ten  or  twelve  cubic  centimeters  of  normal  nutrient  bouillon 
and,  after  thorough  mixing,  three  or  four  large  wire  loopfuls 
from  this  were  transferred  to  the  surfaces  of  several  tubes  of 
slanted  normal  nutrient  agar,  and  kept  at  body  temperature 
until  the  surviving  cocci  had  developed  into  colonies. 

The  routine  followed  was  briefly:  to  expose  the  organism, 
as  noted  above,  to  the  chemical  chosen;  as  soon  as  the 
survivors  had  fully  developed  into  colonies,  to  expose  these 
in  turn  by  the  same  method ;  and  to  continue  this  through 
a  long  series  of  exposures  studying  as  we  progressed  the 
general  characteristics  of  the  survivors. 

By  following  this  plan  we  succeeded  in  making  forty-fopr 
successive  exposures  to  i :  i,ooo  corrosive  sublimate  in  the 
first,  and  fifty-six  in  the  second  series. 

To  phenol  solution  we  made  sixty-four  successive  expos- 
ures; while  to  the  saturated  sodium  carbonate  solution 
twenty-five  exposures  were  made.  All  could  have  been 
carried  farther,  but  as  nothing  apparently  could  have  been 
gained  we  discontinued  them  at  th«se  points. 

Results.  —  In  all  cases  the  first  or  primary  exposures  were 
of  necessity  of  but  brief  duration,  sometimes  less  than  five 
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minutes,  except  in  the  case  of  the  sodium  carbonate 
mixtures,  which  could  always  be  very  much  longer. 

After  a  few  exposures,  however,  greater  resistance  was 
manifested,  and  the  time  of  exposure  could  be  extended 
rapidly,  practically  always  with  a  fair  number  of  surviving 
colonies,  though  occasionally  only  two  or  three  would 
develop  on  the  normal  test  medium. 

This  gradual  increase  in  resistance  or  tolerance  has,  how- 
ever, its  limits,  and  when  the  maximum  is  reached  a  very 
little  longer  exposure  often  results  in  total  destruction,  so 
that  it  becomes  necessary  to  recede  in  the  series  and  begin 
again. 

In  the  case  of  survivors  after  the  exposure  to  sublimate, 
their  colonies  rarely  develop  to  a  point  visible  to  the  naked 
eye  sooner  than  forty-eight  hours  at  incubator  temperature; 
while  in  the  case  of  those  surviving  exposure  to  phenol  and 
to  sodium  carbonate,  colony  development  was  frequently 
manifest  in  eighteen  hours  after  their  transfer  to  normal 
media,  at  body  temperature. 

Functional  changes. —  Under  the  circumstances  of  our 
experiment  chromogenesis  is  the  first  function  to  manifest 
modification.  After  ten  or  fifteen  successive  exposures  (the 
advent  of  the  phenomenon  varies)  the  colonies  developing 
from  the  surviving  cocci  are  more  brilliantly  orange  in  color 
than  is  the  case  with  staphylococcus  cultures,  taken  at 
random  from  laboratory  stock  or  secured  from  suppurating 
lesions  in  man  or  animals. 

This  change  is  particularly  noticeable  in  the  survivors  after 
the  exposure  to  sublimate  and  phenol.  It  is  less  conspic- 
uous among  those  organisms  that  survive  the  action  of 
sodium  carbonate.  It  is  interesting  to  note,  moreover,  that 
this  color  accentuation  characterizes  not  only  surviving 
colonics  themselves,  but  their  offspring  to  the  eighth  and 
twelveth  generations  on  normal  culture  media.  In  one 
series  I  have  carried  the  subcultivation  to  the  twentieth 
generation  (with  twenty-four-hour  intervals)  on  normal  agar 
agar  at  body  temperature.     In  this  case  there  is  a  developing 
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tendency  to  reversion,  that  is,  the  later  generations  show 
less  and  less  color  production.  This  tendency  to  revert,  in 
so  far  as  this  phenomenon  goe^,  is  least  conspicuous  among 
the  survivors  of  the  phenol  series.  Under  all  circumstances 
the  color  production  is  greater  at  room  temperature  and 
diffuse  light  than  in  the  incubator,  though  the  immediate 
survivors  from  both  sublimate  and  phenol  exposures  are,  as  a 
rule,  brilliantly  orange  in  color  immediately  upon  being 
taken  from  the  incubator,  when  the  colonies  are  fully 
developed  (that  is,  ranging  in  size  from  .5  millimeter  to 
2  millimeters  in  diameter). 

The  next  interesting  functional  modification  resulting  from 
the  exposures  is  a  pronounced  increase  in  the  power  of  the 
surviving  colonies  to  liquefy  gelatine. 

If  strains  of  Staphylococcus  pyogenes  aureus  be  selected 
in  which  this  function  is  low,  repeated  exposures  to  either 
mercuric  chloride,  phenol  or  sodium  carbonate  result  in  a 
gradual  increase  in  the  intensity  of  this  function.  Beginning 
with  a  variety  that  has  the  minimum  power  to  liquefy  gelatine, 
we  find,  in  the  case  of  sublimate  exposures,  that  after  the 
tenth  or  twelfth  successive  exposure  an  increase  is  noted, 
and  after  the  fortieth  or  fiftieth  successive  exposure  this 
function  is  so  accentuated  that  liquefaction  progresses  at 
approximately  one  hundred  fold  the  rate  noted  at  the 
beginning  of  the  experiment.  The  same  is  seen  after  exposure 
to  phenol  and  to  a  less  extent  after  an  exposure  to  sodium 
carbonate. 

The  maximum  of  proteolytic  power  as  seen  in  the  immediate 
surviving  colonies  is  not  permanent;  for  instance,  if  after  the 
fortieth  or  fiftieth  exposure  one  begins  a  series  of  subcultures 
from  the  surviving  colonies  using  normal  nutrient  agar  agar 
at  body  temperature,  it  is  found  that  at  or  about  the  tenth 
subculture  there  is  a  loss  of  approximately  fifty  per  cent  in 
the  rate  of  liquefaction,  but  if  with  twenty-four-hour  inter- 
vals this  subcultivation  be  continued  there  is,  up  to  the 
twentieth  subculture,  no  appreciable  further  diminution  in 
the  activity  of  this  function.     Even  such  a  reduction  as  fifty 
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per  cent  in  the  observed  maximum  rate  still  leaves  a  degree 
of  activity  in  this  function  that  is  in  striking  contrast  with 
that  noted  in  the  culture  with  which  the  series  was  begun. 

In  the  coarse  of  this  study,  repeated  efforts  were  made  to 
determine  if  the  colonies  surviving  the  exposures  to  the  germi- 
cides evinced  any  degree  of  modification  in  their  sugar  split- 
ting activities  or  in  their  power  to  clot  milk.  Up  to  the 
present  time  such  modification  has  not  been  observed. 

Thus  far  our  method  seems  to  have  resulted  in  the  gradual 
selection  from  among  the  mass  of  cocci  with  which  we  began 
the  most  resistant,  therefore  the  most  characteristic,  indi- 
viduals, and  in  large  measure  I  am  disposed  to  think  this  the 
case,  but  subsequent  observations  have  led  to  some  degree 
of  confusion  in  this  connection,  so  that  the  general  inter- 
pretation is  not  so  obvious. 

The  interesting  and  important  demonstrations  that  have 
been  made,  especially  by  Altmann  and  his  associates,'  on  the 
loss  of  complement  deflecting  power  experienced  by  certain 
bacteria  when  continuously  cultivated  upon  media  containing 
germicides,  led  us  to  investigate  the  properties  of  our  exposed 
cocci  not  on  complement  deflection,  but  rather  on  the  less 
complicated  phenomenon  of  agglutination.  Since  staphylo- 
cocci naturally  clump,  as  seen  under  the  microscope,  the 
macroscopic  method  of  making  the  agglutination  test  was 
used.  For  this  we  employed  very  narrow  test-tubes,  having 
a  little  over  one  cubic  centimeter  capacity.  These  were 
filled  to  the  one  cubic  centimeter  mark  with  mixtures  of  cocci, 
suspended  in  sodium  chloride  solution  (.85  per  cent)  and 
immune  sera  in  such  proportions  as  to  expose  the  cocci  to 
the  desired  dilutions  of  serum,  namely,  i :  300;  i :  600,  and 
1 :  1,000.  After  such  mixtures  had  stood  in  the  incubator 
for  two  hours  they  were  placed  in  the  ice  chest,  and  the 
results  noted  after  about  eighteen  hours.  Briefly  stated, 
these  were  as  follows : 

The  serum  of  rabbits  that  had  received  three  or  four  intra- 
peritoneal injections  of  normal  Staphylococcus  aureus  that 
had  been  killed  by  exposure  to  heat,  not  exceeding  60**  C, 
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caused  a  complete  precipitation  of  all  suspended  normal 
cocci  in  i :  1,000  dilution;  the  supernatant  fluid  in  the  tubes 
being  quite  clear,  colorless  and  transparent  as  compared  with 
the  cloudy  control  tube,  and  having  at  its  bottom  a  flocculent 
precipitate  of  agglutinated  cocci.  On  the  other  hand,  no 
such  agglutination  occurred  with  the  cultures  that  had  survived 
the  twentieth  and  forty-fifth  exposures  to  corrosive  sublimate 
and  the  forty-seventh  and  fifty-sixth  exposure  to  phenol  even 
in  such  low  dilutions  as  1 :  300.  Survivors  from  the  seven- 
teenth successive  exposure  to  saturated  sodium  carbonate 
solution  also  failed  to  agglutinate  with  i :  300  dilution. 

With  the  hope  of  securing  an  explanation  for  this  phenom- 
enon, a  second  series  of  rabbits  was  immunized  with  cultures 
that  had  survived  repeated  exposures  to  both  corrosive  subli- 
mate and  phenol ;  these,  as  just  noted,  being  varieties  that 
fail  to  agglutinate  with  the  serum  of  animals  immune  from 
normal  staphylococci.  In  one  of  these  series,  the  survivors 
had  had  from  nineteen  to  twenty-four  successive  exposures 
to  corrosive  sublimate,  while  in  another  the  rabbits  were 
immunized  with  cocci  that  had  survived  from  forty-nine  to  fifty- 
three  exposures  to  phenol  in  the  strength  given  above.  The 
method  of  immunization  was  the  same  as  that  used  with  the 
normal  cocci.  The  results  are  both  interesting  and  puzzling, 
but  not  very  satisfactory  in  the  way  of  offering  an  obvious 
explanation  of  the  phenomenon  under  consideration.  They 
are  briefly : 

Rabbits  immunized  with  staphylococci  that  have  survived 
repeated  exposures  to  both  corrosive  sublimate  and  phenol 
supply  sera  rich  in  an  agglutinating  principle  that  reacts 
positively  and  in  as  high  as  i:  1,000  dilution  on  normal 
Staphylococci  aureus,  but  do  not  agglutinate  the  strains  with 
which  the  animals  were  immunized,  even  in  so  high  a  con- 
centration as  one  part  of  serum  to  three  hundred  parts  of 
salt  solution,  that  is  to  say,  the  organisms  that  have  survived 
the  exposures  to  sublimate  and  phenol  have  lost  their  power 
to  agglutinate  in  the  above  mentioned  dilutions,  but  have 
retained  the  power  to  call  forth  agglutinin  production  in  the 
bodies  of  animals  into  which  they  may  be  injected.     In  such 
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concentration  as  one  serum  to  ten  or  twenty  salt  solution 
both  normal  and  exposed  cocci  are  agglutinated. 

I  am  not  sure  that  a  satisfactory  explanation  for  this  is 
forthcoming.     Two  may  be  offered  : 

The  surviving  organisms*  used  in  the  test  may  have  failed 
to  agglutinate  because  of  the  presence  of  the  chemicals 
superficially  deposited  upon  them,  thus  interrupting  the 
interaction  between  their  surfaces  and  the  agglutinin  in  the 
serum,  or  the  chemicals  may  have  destroyed  the  superficial 
receptors  of  the  cocci  without  such  destructive  action  having 
penetrated  so  deeply  into  the  bodies  of  the  cocci  as  to  render 
inactive  all  specific  antigens. 

If  either  of  these  be  the  correct  explanation  we  should 
find  that  cultivation  of  the  non-agglutinating  strains  upon 
normal  media,  without  again  exposing  them  to  the  hurtful 
germicides  would  result,  after  a  while,  in  supplying  descend- 
ants free  of  all  adherent  chemicals,  if  the  first  explanation 
be  correct  or,  if  not,  there  might  be,  under  these  favorable 
conditions,  a  regeneration  of  the  surface  receptors  that  are 
presumed,  in  the  second  explanation,  to  have  been  destroyed 
or  otherwise  rendered  inactive.  As  a  matter  of  fact  we  find 
that  after  the  fifth  or  sixth  generation  on  normal  media 
under  the  usual  favorable  conditions  of  growth  the  exposed 
strains  of  cocci  gradually  regain  their  power  to  agglutinate, 
and  ultimately  are  indistinguishable  in  this  respect  from 
staphylococci  that  had  never  been  exposed  to  germicides. 

Pathogenesis.  —  Several  attempts  have  been  made  to 
detect  an  influence  of  such  exposures  to  germicides  as  I 
here  mention  upon  the  pathogenic  properties  of  the  several 
strains  of  Staphylococcus  aureus  upon  which  we  have  been 
working,  but  the  results  do  not  justify  the  opinion  that  this 
function  is  appreciably  affected. 

We  present  these  results  because  they  throw  some  light 
upon  the  question  of  variation.  In  the  routine  work  of 
every  laboratory,  functional  variations  among  definite  species 
of  bacteria  are  constantly  being  encountered.     For  example, 
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we  have  at  present  four  strains  of  staphylococci  that  came 
from  suppurative  processes  in  man  that  grow  with  more  or 
less  orange  color  and  cause  typical  abscesses  and  fatal 
septicemia  in  rabbits  after  intravenous  injection.  All  except 
one  have  been  passed  through  the  bodies  of  rabbits,  yet  two 
of  them  liquefy  gelatine  scarcely,  if  at  all ;  one  does  this  only 
slowly,  while  the  fourth,  recently  isolated  from  man,  has  this 
function  developed  to  a  conspicuous  degree.  Their  action 
upon  other  media  is  likewise  without  uniformity,  yet  there 
can  be  no  doubt  that  they  are  the  ubiquitous  Staphylococcus 
pyogenes  aureus,  even  though  they  differ  in  certain  impor- 
tant features  the  one  from  the  other  and  from  the  type 
organism  as  ordinarily  described  in  the  books. 

While  it  is  a  simple  matter  to  reach  this  conclusion,  it  is 
far  from  simple  to  identify  the  environment  influences  that 
have  caused  the  functional  fluctuation  that  differentiates  some 
of  these  anomalies  from  that  which  we  regard  as  normal,  nor 
does  it  now  seem  to  us  easy  to  decide  precisely  what  shall 
be  called  normal,  at  least  in  so  far  as  the  organisms  with 
which  we  have  occupied  ourselves  are  concerned. 
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ON  THE   METAPLASIA  OF  BRONCHIAL  EPITHELIUM.* 

Samuel  R.  Haythorn,  M.D. 
{Assistant  Professor  of  Pathology,  University  of  Pittsburgh,  Pittsburgh,  Pa,) 

During  the  study  of  a  case'*  of  unresolved  pneumonia, 
which  contained  both  areas  of  organization  and  abscesses, 
one  field  was  found  which  contained  two  medium-sized 
bronchi,  the  mucosa  of  which  was  replaced  by  granulation 
tissue  covered  by  stratified  squamous  epithelium.  The 
region  from  which  this  block  came  was  then  more  carefully 
searched  and  as  many  as  twelve  bronchi  were  found  which 
showed  a  like  condition.  Similar  metaplasias  of  the  bron- 
chial epithelium  have  been  recorded  from  time  to  time,  but 
this  was  an  unusually  good  example,  on  account  of  its  wide 
extent  and  owing  to  the  fact  that,  among  the  squamous  cells, 
islands  of  columnar  cells  remained. 

The  term  "  metaplasia  "  was  introduced  by  Virchow  about 
1854  and  was  defined  by  him  as  the  direct  change  of  one 
cell  into  another  cell  which  was  architecturally  different  but 
which  had  not  completely  given  up  its  characteristics  or 
structure. 

Schridde  holds  that  this  view  is  untenable,  as  no  facts  to 
support  it  have  been  observed  either  in  intra-  or  extra-  uterine 
life.  He  designates  it  **  direct  metaplasia "  as  opposed  to 
his  own  theory  of  **  indirect  metaplasia."  He  believes  that 
the  formative  cells  of  the  growing  layers  of  any  kind  of  epi- 
thelium,  or  their  immediate  daughter  cells,  may  give  up 
their  specific  attributes  and  revert  to  a  cell  which  has  all  the 
powers  of  differentiation  possessed  by  the  embryonic  cells 
from  which  the  epithelium  developed.  In  other  words,  such 
cells  may  form  any  type  of  epithelium,  but  their  power  of 
differentiation  is  limited  to  the  formation  of  the  epithelial 
tissues  and  does  not  include  the  transformation  into  connec- 
tive tissue  or  endothelium.  Schridde  states  that  by  the 
atypical  differentiation  of  such  cells  a  kind  of  epithelium 

*  ReceiTed  for  publication  May  3,  Z9ia« 
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may  be  formed  which  is  "  hctcrotypc "  for  the  region  in 
which  it  occurs,  and  cites  as  an  example  the  occasional 
presence  of  squamous  celled  plaques  in  the  cardiac  end  of 
the  stomach. 

Lubarsch  in  general  accepts  Schridde's  view  but  believes 
further  that  completely  differentiated  cells  may  undergo  the 
change. 

He  divides  metaplasia  into  (i)  pseudo  metaplasia;  (2) 
retrograde  differentiation  of  cells,  including  Hanseman's 
anaplasia;  and  (3)  real  metaplasia  such  as  is  seen  in 
squamous  cdled  tumors  of  the  stomach  and  prostate. 

The  author  did  not  have  access  to  the  original  articles  of 
Lubarsch  and  Schridde,  but  by  the  term  **  pseudo  meta- 
plasia" understands  the  direct  extension  of  one  type  of  epi- 
thelium into  a  region  normally  covered  by  another  type, 
^g'l  "  ectropion  of  the  cervix,"  and  squamous  celled  exten- 
sion to  the  middle  ear  after  paracentesis.  Hansemann's  ana- 
plasia is  described  as  a  cell  change  in  which  there  is  a  loss 
of  a  number  of  chromosomes  bringing  about  an  increased 
power  of  growth  at  the  Expense  of  cell  function. 

Ribbert  is  opposed  to  the  whole  idea  of  metaplasia  and 
explains  the  changes  as  coming  from :  (a)  Cells  which  have 
been  actually  misplaced  during  embryonic  life;  {b)  cells 
which  may  appear  normal  for  the  region  in  which  they  occur 
but  which  possess  embryonic  potentialities;  and  (^)  cells 
which  are  only  partly  differentiated  and  which  undergo 
changes  more  readily.  He  thinks  that  a  certain  combination 
of  circumstances  must  also  be  present  before  such  a  change 
can  occur,  and  for  this  influence  lays  stress  upon  the  effects 
of  surrounding  supportive  tissues.  He  further  points  out 
that  newly  developed  cells  are  never  as  highly  specialized  as 
the  preexisting  cells. 

Many  other  views  have  been  brought  forward,  but  the  prin- 
cipal points  of  the  discussion  are  covered  by  these  four 
observers. 

In  discussing  the  case  in  hand  a  few  points  concerning 
the  normal  histology  of  the  part  may  well  be  reviewed. 
KoUiker  describes  three  layers  of  epithelial  cells  in  bronchi 
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large  enough  to  possess  cartilaginous  plaques;  an  outer 
layer  of  ciliated  and  goblet  cells,  a  middle  layer  of  somewhat 
spindle-shaped  replacing  cells,  and  an  inner  layer  of  pyra- 
midal formative  cells,  which  rests  upon  a  so-called  hyaline 
membrana  propria  or  basement  membrane.  Bronchi  of  less 
than  one  millimeter  diameter  have  only  a  single  layer  of  cells 
and  a  basement  membrane  difficult  of  demonstration. 

The  bronchial  lesions  in  the  case  we  are  considering  were 
varied.  Some  sections  contained  large  inflamed  bronchi 
with  granulation  tissue  in  the  mucosa  and  a  complete  denu- 
dation of  all  types  of  epithelium.  The  lumina  were  filled 
with  leucocytes  and  cellular  debris.  Other  sections  showed 
a  thick  unbroken  stratified  squamous  epithelium  lining  the 
bronchi.  These  epithelial  membranes  were  usually  slightly 
raised  from  the  granulations  by  a  serous  exudate  beneath  them. 
Small  nests  of  ciliated  columnar  cells  remained  in  some  of 
the  crypt-like  depressions  of  the  mucosa  in  areas  where 
most  of  the  surface  had  a  squamous  cell  covering.  At  the 
points  of  the  junction  of  the  two  types  of  cells  the  squamous 
layers  seemed  to  be  continuous  with  the  formative  layers  of 
the  columnar  cell  portions. 

In  still  other  areas  typical  ciliated  columnar  cells  were 
found  resting  on  top  of  a  double  layer  of  low  cuboidal  cells 
and  appeared  to  be  almost  ready  to  desquamate.  If  this 
desquamation  had  occurred  no  trace  of  columnar  cells  would 
have  remained  on  the  surface.  In  none  of  the  involved 
bronchi  were  the  basement  membranes  demonstrable. 

In  the  lung  tissue  proper  there  were  signs  of  a  rather 
prolonged  inflammation;  larger  and  smaller  abscesses  were 
present;  the  fibrin  had  the  appearance  of  being  old  and 
hyaline,  and  in  many  places  actual  organization  had  taken 
place.  Some  of  the  alveoli  were  free  from  fibrin  and  instead 
contained  large  amounts  of  serous  fluid  and  many  pigment- 
bearing  endothelial  cells.  The  alveolar  walls  were  thickened 
and  the  pleura  was  much  fibrosed. 

In  seeking  an  explanation  for  the  change  from  columnar 
to  squamous  cells  each  layer  mentioned  above  must  be 
considered. 
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First,  the  ciliated  and  goblet  cell  layer  was  found  remain- 
ing only  in  the  most  protected  depressions  and  was  never 
seen  to  be  in  any  way  connected  with  the  changed  cells. 
On  the  contrary,  where  it  was  not  ah-eady  destroyed,  it  was 
being  thrown  off  into  the  lumen.  From  this  it  seemed  that 
there  was  no  evidence  that  the  direct  metaplasia  of  Virchow, 
the  change  of  the  columnar  ciliated  to  the  squamous  cell, 
had  occurred. 

In  the  "  replacing  layer  "  one  could  not  feel  so  certain,  for 
no  cells  resembling  them  were  found.  It  was  probable  that 
they  had  either  desquamated  directly  or  had  become  ciliated 
and  then  desquamated.  The  extensive  granulations  in  the 
mucosa  would  point  to  a  wide  desquamation  of  epithelium 
having  taken  place.  The  regeneration  must  have  come, 
then,  from  certain  remaining  cells  of  the  growing  layer,  and 
it  is  to  these  cells  that  we  looked  for  evidence  of  the 
changed  progeny.  These  cells  themselves  showed  little 
further  than  that  they  were  more  polygonal  and  less  pyra- 
midal than  normal.  But  their  environment  was  changed,  for 
the  basement  membrane  had  disappeared  and  they  rested 
directly  upon  granulation  tissue.  This  fact  seemed  very 
im{>ortant,  for  partial  desquamation  followed  by  complete 
regeneration  we  believe  is  a  common  occurrence  in  acute 
inflammation  of  the  bronchi. 

In  diphtheria,  fibrin  casts  including  the  epithelial  lining  of 
the  bronchi  may  be  coughed  up,  and  here  Mallory  has 
pointed  out  the  infrequency  with  which  one  sees  the  diphthe- 
ritic exudate  extending  below  the  membrana  propria.  Its 
action  is  believed  to  be  that  of  a  limiting  membrane  which 
allows  the  separation  of  the  cast  to  take  place.  It  also 
serves  as  a  favorable  surface  for  the  regeneration  of  the 
normal  columnar  cells. 

Three  other  cases  of  metaplasia  of  bronchial  epithelium 
were  studied.  One  was  a  case  of  broncho-pneumonia  with 
abscesses.  Instances  were  observed  where  bronchi,  whose 
walls  were  partially  destroyed  by  abscesses,  retained  an 
uninjured  basement  membrane  in  other  less  severely  attacked 
parts.     In  one  bronchus,  where  the  membrane  was  broken 
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only  at  one  point,  there  was  present  at  that  point  an  island 
of  squamous  cells.  In  the  second  case  a  large  secondary 
growth  of  sarcomatous  nature  had  injured  many  bronchi 
and  partial  regeneration  had  occurred.  Stratified  squamous 
epithelium  had  replaced  the  normal  columnar  cells  in  some 
of  the  bronchi,  and  definite  basement  membranes  were  not 
demonstrable. 

The  third  case  was  a  primary  carcinoma  of  the  lung  aris- 
ing in  the  bronchi.  Here  the  normal  relations  were  com- 
pletely lost.  The  lower  layer  of  cells  remained  columnar  in 
shape,  while  the  more  superficial  layers  were  of  typical 
stratified  squamous  cells. 

In  none  of  the  cases  was  there  any  example  of  stratified 
squamous  epithelium  resting  on  a  well  developed  basement 
membrane. 

Difficulty  was  experienced  in  demonstrating  a  definite 
basement  membrane  in  somg  apparently  normal  bronchi 
from  other  cases,  and  the  membranes  when  present  did  not 
always  react  equally  toward  the  special  stains  generally 
recommended  for  demonstrating  them.  Their  histological 
appearance  and  chemical  nature  did  not  seem  to  be  constant 
for  bronchi  of  any  given  size.  This  latter  observation  is 
mentioned  as  an  important  obstacle  in  the  way  of  proving 
that  the  destruction  or  absence  of  the  membrana  propria  is 
the  essential  factor  in  epithelial  metaplasia  of  the  bronchi. 
A  list  of  stains  used  is  given  in  the  order  of  their  efficiency: 
Mallory's  phosphotungstic  acid  hematoxylin ;  Pianese's  picro- 
nigrosin;  Van  Giesen's  connective  tissue;  Mallory's  analine 
blue ;  hematoxylin-eosin ;  eosin  methylene  blue.  The  mem- 
brana propria  did  not  react  to  VerhoefFs  or  Wcigert's  elastic 
stains  as  stated  in  some  texts. 

In  connection  with  the  study  of  these  cases,  Dr.  Klotz 
called  my  attention  to  a  good  example  of  metaplasia  of  the 
stratified  squamous  type  in  the  pancreatic  ducts.  The  ducts 
were  dilated  and  some  contained  calculi,  while  others  were 
almost  completely  filled  with  the  proliferated  squamous  cells. 
The  remainder  of  the  pancreas  showed  rather  advanced 
chronic   interstitial  pancreatitis.     In    the  affected  ducts  the 
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walls  were  actually  inflamed.  "Many  polynuclear  leucocytes 
were  present.  As  the  basement  membrane  of  the  pancreatic 
duct  is  not  comparable  to  that  of  the  lung,  the  case,  while 
interesting,  does  not  bear  directly  on  the  relation,  if  indeed 
any  exists,  between  metaplasia  and  the  presence  or  absence 
of  the  membrana  propria. 

CONCLUSIONS. 

1.  The  evidence  concerning  metaplasia,  as  observed  in 
this  case,  is  strongly  against  the  theory  of  the  "  direct  meta-^ 
plasia  "  of  Virchow. 

2.  Our  findings,  in  a  measure,  agree  with  Schridde's  idea 
in  so  far  as  they  show  that  the  metaplastic  cells  are  newly 
formed  cells  and  that  they  come  from  the  growing  layer. 

3.  They  support  Ribbert*s  views  in  that  the  new-formed 
cells  are  less  highly  specialized  than  the  normal  cells,  and 
also  that  the  surrounding  tissue  changes  have  a  strong 
influence  on  the  type  of  the  new  cells  formed. 

4.  They  seem  to  contradict  the  necessity  of  the  presence 
of  embryonic  rests,  as  they  could  hardly  have  been  so 
numerous  as  simultaneously  to  set  up  the  process  in  several 
different  bronchi. 

5.  Another  idea  which  is  brought  forward  is  that  the 
bronchial  mucosa  destroyed  beyond  the  hope  of  specific 
regeneration  seeks  to  protect  itself  with  the  best  reparative 
cells  it  can  produce  in  its  exhaustive  state. 

6.  Assuming  that  there  is  a  histo-chemical  identity  of  the 
so-called  basement  membrane,  it  suggests  that  there  is  a 
link  between  the  injury  to  these  membranes  and  tumor 
growth ;  that  is,  that  the  irritants  and  inflammations  which 
destroy  thepi  open  the  way  for  metaplasia  and  new  growth. 

[Thanks  are  due  Dr.  Klotz  for  his  valuable  suggestions  during  the  prep- 
aration  of  this  paper.] 
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DESCRIPTION  OF  PLATES. 

Plate  XXX. 
Fig.  I.  —  Squamous  cell  metaplasia  of  bronchial  epithelium.     L.P. 
Fio.  3  —  Squamous  cell   metaplasia  of  one  bronchus,   columnar  cells 
remaining  in  adjacent  bronchial  epithelium.     L.P. 

Plate  XXXI. 

Fig.  3. — Squamous  cell  metaplasia  of  bronchial  epithelium  showing  a 
crypt  covered  with  columnar  cells.  The  basal  Itiyer  is  continuous  for  both 
columnar  and  squamous  types.     H.P. 

Fig.  4.  —  Squamous  cell  metaplasia  of  bronchial  epithelium.  Crypt 
showing  a  layer  of  columnar  cells  resting  on  a  double  layer  of  cuboidal 
cells.     Mass  of  cells  to  the  right  of  squamous  type. 
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DETERMINATION   OF  THE  CHOLESTEROL  CONTENT  OF  HUMAN 
SERUM   BY  THE   COLORIMETRIC   METHOD.* 

Paul  G.  Weston  and  Grace  Helen  Kent. 
{From  the  Pathological  Laboratory  ^  State  Hospital  for  the  Insane^  Warren^  Pa.') 

In  estimating  the  cholesterol  content  of  human  serum  we 
have  employed  the  method  which  has  already  been  described 
by  one  of  us.^ 

The  application  of  this  method  to  a  particular  problem 
has  not  suggested  any  essential  modifications  of  the  method 
itself;  but  in  the  course  of  the  experiments  upon  the  choles- 
terol contained  in  serum  some  additional  data  have  been 
obtained  concerning  the  reaction  of  pure  cholesterol.  It 
seems  advisable,  therefore,  to  open  this  paper  with  a  supple- 
mentary description  of  the  conditions  under  which  the  method 
has  been  found  to  give  the  most  satisfactory  results. 

I.  Application  of  the  colorimetric  method. — The  most 
serious  difficulty  which  we  have  encountered  has  been  pre- 
sented by  the  instability  of  the  characteristic  pink  color.  It 
is  essential  that  the  comparison  of  unknown  solutions  with 
known  be  made  at  the  time  when  the  differences  are  most 
apparent.  The  addition  of  the  second  cubic  centimeter  of 
chloroform  entirely  obliterates  the  color  of  the  solutions,  so 
that  they  all  appear  alike.  The  pink  color  then  develops 
gradually  and  reaches  its  greatest  depth  in  from  fifteen  to 
thirty  minutes.  After  this  there  is  a  gradual  transition  from 
pink  to  violet,  which  finally  fades  to  a  pale  gray.  In  the  last 
stage  as  in  the  first  the  solutions  of  different  strength  appear 
very  nearly  alike,  and  this  similarity  begins  to  appear  in  the 
violet  stage.  The  time  when  the  solutions  can  be  differenti- 
ated with  the  greatest  accuracy  is  immediately  after  the  pink 
color  has  reached  its  greatest  depth  and  before  it  begins  to 
show  a  trace  of  violet.  The  duration  of  this  particular  stage 
varies  greatly;  under  some    conditions   the   violet   appears 

♦  Received  for  publication  May  15, 1912. 
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before  the  pink  has  fully  developed,  and  in  this  case  no  cona- 
parisons  are  possible.  We  have  found  it  necessary,  there- 
fore, to  make  a  special  study  of  the  external  conditions  of 
the  experiment  in  order  to  determine  by  what  means  the 
reaction  may  be  sufficiently  retarded  to  allow  ample  time  for 
observation  at  the  most  favorable  stage. 

The  rapidity  of  the  reaction  depends  in  part  upon  the 
strength  of  the  sulphuric  acid.  If  acid  of  1.84  specific 
gravity  is  used  the  reaction  takes  place  too  rapidly  and  the 
violet  color  may  develop  immediately  after  the  second  cubic 
centimeter  of  chloroform  is  added.  We  have  found  it  advan- 
tageous to  use  acid  which  has  been  exposed  to  the  air  suffi- 
ciently to  reduce  its  specific  gravity  to  1.8 1;  acid  thus 
prepared  has  given  very  satisfactory  results. 

The  reaction  may  be  retarded  by  placing  the  tubes  in  a 
dark  place.  Repeated  experiments  have  shown  that  protec- 
tion from  the  light  for  at  least  fifteen  minutes  after  the  addi- 
tion of  the  second  cubic  centimeter  of  chloroform  is  favorable 
to  a  stabile  pink  color.  If  the  solutions  are  exposed  to 
strong  sunlight  during  this  period  they  turn  violet  before  any 
observations  can  be  made. 

These  experiments  were  made  in  winter  at  a  room  temper- 
ature of  about  26.5®  C.  In  any  given  test  we  have  been 
careful  to  keep  all  conditions  uniform  for  all  the  solutions 
which  were  to  be  compared,  but  we  have  not  found  it  neces- 
sary to  keep  them  at  any  given  temperature.  A  few  experi- 
ments have  been  made  for  the  purpose  of  determining  the 
effect  of  temperature  upon  the  reaction ;  the  results  indicate 
that  ordinary  variations  are  negligible  but  that  both  extremes 
are  unfavorable. 

Each  tube  must  be  thoroughly  shaken  immediately  after 
the  sulphuric  acid  is  added  to  it.  In  order  to  insure  uni- 
formity in  handling  the  tubes  we  have  regularly  followed  a 
definite  plan :  one  of  us  added  the  acid,  dropping  it  into  the 
tube  with  a  pipette,  and  the  other  immediately  took  the  tube 
between  the  thumb  and  finger  and  gave  it  twenty  shakes, 
the  thumb  being  protected  from  the  acid  by  a  rubber  glove 
finger.     When   the  second  cubic  centimeter  of  chloroform 
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was  added  the  tubes  were  not  disturbed  in  the  rack,  but  care 
was  taken  to  allow  the  chloroform  to  run  directly  from  the 
burette  into  the  bottom  of  the  tube. 

While  this  series  of  tests  was  in  progress  there  was  a 
period  of  several  weeks  during  which  we  were  unable  to 
obtain  Merck's  chloroform,  and  we  therefore  had  occasion 
to  try  various  chloroforms  of  domestic  manufacture.  One 
particular  lot  gave  fair  results,  but  for  the  most  part  the 
results  were  hopelessly  unsatisfactory,  and  in  many  cases 
the  characteristic  pink  color  entirely  failed  to  appear.  After 
much  experimentation  we  learned  that  inferior  chloroform 
which  answered  to  the  usual  tests  for  purity  could  be  greatly 
improved  by  being  washed  with  water  and  then  distilled. 
By  treating  it  thus  we  were  able  to  make  some  use  of  it. 
We  have  found  also  that  chloroform  which  has  been  used  in 
these  tests  can  be  so  prepared  as  to  be  fit  for  further  use. 
After  making  the  observations  upon  a  set  of  tubes,  we 
decant  the  chloroform  and  preserve  it ;  this  chloroform  must 
be  distilled,  shaken  up  with  water,  and  again  distilled,  after 
which  it  may  be  regularly  used  for  the  additional  cubic 
centimeter,  but  not  for  the  chloroform  in  which  the  choles- 
terol is  first  dissolved.  The  original  solution  must  be  made 
from  fresh  chloroform,  preferably  Merck's  blue  label.  For 
the  second  cubic  centimeter,  chloroform  which  has  been 
used  gives  better  results  than  new  chloroform  which  has  not 
been  washed.  Even  when  depending  wholly  upon  Merck's 
chloroform  we  have  sometimes  found  it  necessary  to  wash 
it  with  distilled  water  before  using  it  for  the  second  cubic 
centimeter. 

We  have  found  it  worth  while  to  give  the  most  careful 
attention  to  the  details  of  the  technic.  The  test-tubes  were 
sorted  out  according  to  size,  and  in  each  test  the  tubes  of  a 
given  size  were  used  for  both  the  known  and  the  unknown 
solutions.  The  inside  diameter  of  the  preferred  tubes  was 
nine  millimeters.  Measurement  of  the  tubes  with  calipers 
proved  to  be  unsatisfactory,  and  we  found  it  necessary  to 
pipette  a  given  amount  of  water  into  each  tube,  and  then 
arrange   the   tubes  according   to  the   height  of  the  water. 
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Throughout  the  experiment  we  have  used  certified  glass- 
ware, and  we  have  greatly  reduced  inaccuracies  by  making 
up  all  solutions  in  relatively  large  quantities.  One-half  gram 
of  pure  cholesterol  was  dissolved  in  fifty  cubic  centimeters 
of  chloroform,  and  any  desired  quantity  was  taken  with  the 
pipette  from  this  solution,  the  chloroform  being  evaporated 
if  necessary.  We  have  kept  regularly  on  hand  nine  standard 
solutions  with  which  all  unknown  quantities  of  cholesterol 
were  compared;  these  solutions  (.0001,  .000125,  .00015, 
.000175,  .0002,  .000225,  .00025,*  .000275,  and  .0003  gram  of 
cholesterol  to  one  cubic  centimeter  of  chloroform)  were  pre- 
pared in  quantities  of  not  less  than  ten  cubic  centimeters,  a 
solution  of  .0005  gram  of  cholesterol  to  one  cubic  centimeter 
of  chloroform  being  used  as  the  basis  for  dilution. 

We  have  attempted  to  prepare  a  series  of  permanent 
standards  corresponding  in  color  to  these  solutions  at  the 
time  when  the  pink  color  is  at  its  greatest  depth.  Various 
inks  and  aniline  dyes  were  used  for  this  purpose.  The 
colors  of  the  cholesterol  solutions  were  easily  matched,  but 
the  artificial  colors  soon  faded,  and  we  have  not  been  able  to 
find  any  suitable  coloring  matter  which  will  bear  exposure 
to  the  light.  A  series  of  standard  colors,  if  permanent, 
would  be  useful  for  the  preliminary  tests  which  are  made 
for  the  purpose  of  determining  what  dilution  is  necessary  in 
order  to  bring  an  unknown  solution  within  the  range  of  the 
known  series.  But  it  could  hardly  be  used  for  accurate 
measurements;  the  color  of  the  cholesterol  solutions,  even 
when  they  are  prepared  under  the  most  favorable  conditions, 
undergoes  a  perceptible  change  while  the  observations  are 
being  made,  and  it  is  essential  that  the  changes  be  uniform 
in  the  known  and  unknown  solutions. 

2.  Extraction  of  cholesterol  from  serum.  —  We  have  not 
been  able  in  a  single  instance  to  isolate  pure  cholesterol  from 
serum.  We  have  been  concerned  mainly  with  small  quanti- 
ties of  serum,  too  small  to  yield  conveniently  weighable 
quantities  of  cholesterol;  but  in  order  to  test  the  colori- 
metric  method  we  attempted  to  make  determinations  upon 
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a  few  samples  of  serum  both  by  weight  and  by  colorimetric 
estimation.  With  this  in  view  we  extracted  one  sample  of 
eighty  cubic  centimeters  and  two  smaller  samples  by  the 
method  used  by  Koch  for  the  extraction  of  cholesterol  from 
brain  tissue.'  In  each  case  the  resulting  product  was  an 
oily  substance  of  a  deep  yellow  color.  We  did  not  attempt 
to  use  Ritter's  method.' 

For  colorimetric  determinations  it  is  not  necessary  that 
the  yield  of  cholesterol  should  be  pure.  All  impurities 
which  do  not  affect  the  color  of  the  reaction  may  be 
disregarded.  As  there  is  no  method  known  to  us  by  which 
all  the  cholesterol  can  be  extracted  from  body  fluids  in  a 
pure  state,  we  abandoned  the  attempt  to  isolate  it  pure,  and 
directed  our  attention  toward  the  development  of  a  method 
of  extraction  which  should  be  complete,  but  as  simple  and 
economical  as  possible. 

For  the  determination  of  the  cholesterol  content  of  an 
individual  sample  of  serum  we  recommend  the  following 
method : 

Two  and  one-half  cubic  centimeters  of  serum  is  pipetted 
into  a  wide  mouthed,  glass  stoppered  bottle  of  thirty  cubic 
centimeters  capacity.  Twenty  cubic  centimeters  of  alcohol 
is  added,  the  bottle  being  gently  shaken  as  the  alcohol  is 
poured  in.  This  is  kept  at  a  temperature  of  60**  C.  for  at 
least  one  day,  then  the  extract  is  decanted  into  a  flask  and 
the  residue  covered  with  ether.  This  is  allowed  to  stand  for 
at  least  one  day,  after  which  the  ether  extract  is  added  to  the 
alcohol  extract.  The  residue  is  washed  three  times  in  boiling 
alcohol,  the  extract  being  decanted  or  filtered  into  the  flask. 
The  total  amount  of  alcohol  used,  including  the  first  extract^ 
is  about  sixty  or  seventy  cubic  centimeters.  A  small  amount 
of  sodium  hydrate  is  added  to  the  extract,  roughly  about  .25 
gram.  It  is  then  allowed  to  boil  slowly  over  a  hot  plate  for 
two  hours,  during  which  time  it  should  evaporate  to  about 
ten  cubic  centimeters.  Fifty  cubic  centimeters  of  saturated 
solution  of  calcium  hydrate  in  distilled  water  is  added.  This 
forms  a  light  flocculent  precipitate  which,  when  it  is  allowed 
to  collect,  leaves  the  fluid  perfectly  clear ;   this  precipitate 
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includes  the  cholesterol.  The  extract  is  filtered,  and  the 
residue  is  returned,  on  the  paper,  to  the  flask.  The  lip  of 
the  flask  is  carefully  wiped  with  a  scrap  of  moist  filter  paper, 
and  this  also  is  thrown  in.  The  flask  is  allowed  to  stand 
until  the  paper  is  entirely  dry,  after  which  the  cholesterol  is 
extracted  with  ether  and  decanted  or  filtered  into  another 
flask.  The  flrst  flask  must  be  washed  four  times  with  ether, 
and  it  requires  in  all  at  least  one  hundred  cubic  centimeters. 
The  ether  in  the  second  flask  is  evaporated,  and  the  flask  is 
dried  and  cooled.  Five  cubic  centimeters  of  chloroform 
(Merck's  blue  label)  is  added,  two  cubic  centimeters  of 
chloroform  being  allowed  for  each  cubic  centimeter  of  serum. 
The  chloroform  extract  is  Altered  into  a  vial,  and  is  now 
ready  to  be  tested. 

The  cholesterol  content  is  estimated  by  comparing  the 
reaction  obtained  from  a  dilution  of  this  extract  with  that 
obtained  from  the  nine  standard  solutions  of  pure  choles- 
terol. The  solutions  are  prepared  in  test-tubes,  and  when 
all  are  ready,  i  cubic  centimeter  of  sulphuric  acid  is  dropped 
into  each  tube,  according  to  the  method  described  above. 
Thirty  minutes  later  one  cubic  centimeter  of  chloroform  is 
added  to  each  tube,  after  which  they  are  placed  in  the  dark 
for  fifteen  minutes.  From  this  time  they  should  be  watched 
carefully ;  when  the  standard  solutions  show  a  perfect  and 
distinct  gradation  from  a  barely  perceptible  pink  to  a  deep 
pink  it  is  time  to  compare  the  colors  and  to  record  the 
equivalent  in  the  known  series  of  each  unknown  solution. 
One  set  of  the  standard  solutions  may  serve  for  as  many  as 
twenty  or  thirty  individual  tests,  provided  that  all  are 
prepared  at  the  same  time  and  in  test-tubes  of  the  same  size. 

In  order  to  balance  the  inevitable  errors  in  pipetting, 
every  specimen  of  serum  should  be  tested  several  times. 
When  a  given  serum  is  tested  for  the  first  time  it  is  well  to 
use  .2  cubic  centimeter  of  the  extract  to  .8  cubic  centimeter 
of  chloroform.  This  will  probably  fall  within  the  range  of 
the  standard  solutions.  In  subsequent  tests  the  serum 
extract  should  be  so  diluted  as  to  bring  it  near  or  slightly 
below    the    middle    of    the    scale.     The    quantities    most 
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commonly  used  are  .15,  .2,  and  .25  cubic  centimeter  of  the 
extract,  representing,  respectively,  .075,  .1,  and  .125  cubic 
centimeter  of  serum. 

Both  in  the  extraction  of  the  serum  and  in  the  estimation 
of  the  cholesterol  there  arc  numerous  sources  of  error.  In 
order  to  insure  that  the  extraction  is  complete  it  is  well  to  test 
all  residues  qualitatively  by  the  Salkowski  or  the  Liebermann 
test.  The  serum  coagulum,  after  it  has  received  four  wash- 
ings in  hot  alcohol,  may  be  allowed  to  stand  for  several  days 
in  ether  or  hot  alcohol ;  this  is  collected  in  a  test-tube  and 
evaporated,  then  redissolved  in  chloroform  and  tested.  The 
filtrate  from  the  calcium  hydrate  precipitate  may  be  evapo- 
rated, and  the  residue  dissolved  in  chloroform  and  tested. 
Finally,  when  the  extract  is  transferred  from  the  first  flask  to 
the  second,  the  first  flask  may  be  given  an  additional  wash- 
ing in  ether  for  the  purpose  of  testing  it.  In  all  extractions 
by  methods  not  perfectly  familiar  to  us  we  have  made  a 
practice  of  testing  all  residues  theoretically  free  from  choles- 
terol, and  have  discarded  all  methods  of  extraction  thus 
shown  to  be  imperfect. 

After  the  extract  is  in  the  second  flask  there  are  possi- 
bilities of  error  in  either  direction.  A  trifling  inaccuracy  in 
the  measurement  of  the  chloroform  which  is  added  may 
cause  a  measurable  error  in  the  estimate  of  the  cholesterol. 
If  two  independently  extracted  samples  of  the  same  serum 
give  different  results,  the  natural  inference  is  that  the  larger 
is  the  more  nearly  correct.  This,  however,  is  not  necessarily 
the  case ;  in  one  instance  our  smaller  estimate  was  confirmed 
by  twelve  independent  extractions,  and  we  were  forced  to 
the  conclusion  that  the  larger  estimate  was  incorrect. 

In  the  extraction  of  the  serum,  errors  on  the  positive  side 
are  exceptional.  But  in  the  measurement  of  the  cholesterol 
contained  in  a  given  extract,  positive  errors  are  more  fre- 
quent than  negative  ones;  in  pipetting  the  chloroform 
extract  into  the  test-tube  it  is  the  excessive  quantity  that 
must  be  especially  guarded  against  rather  than  the  insuffi- 
cient quantity.  Error  from  this  source  could  probably  be 
reduced  by  making  up  the  extract  with  a  larger  proportion 
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of  chloroform   than   was  used   in   these  experiments  (two 
cubic  centimeters  of  chloroform  to  one  of  serum). 

In  developing  a  method  of  extraction  we  have  used  the 
solvents,  acetone,  ether,  alcohol,  and  acetic  ether,  in  various 
combinations  and  for  varying  periods  of  time.  The  results 
of  the  preliminary  experiments  are  hardly  worthy  of  being 
stated  in  full,  and  it  seems  better  to  summarize  briefly  the 
conclusions  drawn  from  them. 

1.  If  ether  is  to  be  used  successfully  as  a  solvent  the 
serum  should  first  be  precipitated  in  alcohol  or  acetone. 

2.  If  the  extraction  is  to  be  made  with  ^  cold  reagents, 
considerable  time  may  be  saved  by  keeping  the  serum  at  a 
temperature  of  60**  C.  for  one  hour,  before  adding  any 
reagent.  This  preliminary  heating  of  the  serum  is  not 
necessary  if  it  is  to  be  extracted  by  hot  alcohol. 

3.  The  presence  of  fatty  acids  in  the  serum  extract 
interferes  with  the  reaction,  and  it  is  necessary  to  saponify 
them. 

4.  If  acetic  ether  is  to  be  used  in  the  extraction  it  must 
be  evaporated  before  the  sodium  hydrate  is  added. 

5.  The  serum  may  be  kept  for  a  week  or  more  either  at 
room  or  ice-box  temperature  and  with  or  without  aseptic 
precautions ;  the  yield  of  cholesterol  will  not  be  aflfected  by 
these  conditions. 

The  method  which  we  recommend  is  the  simplest  one 
which  has  invariably  given  satisfactory  results.  Amongst  the 
various  methods  we  have  tried,  using  different  samples  of 
the  same  serum,  the  following  may  be  cited : 

1 .  Alcohol  at  60**  C.  for  one  day,  ether  for  one  day,  as 
described  above. 

Estimate,  per  cubic  centimeter  of  serum,  three  milligrams. 

2.  Alcohol  at  60®  C.  for  five  days,  ether  for  two  days. 
Estimate,  per  cubic  centimeter  of  serum,  2.58  milligrams. 

3.  Precipitated  in  acetone,  covered  with  ether  and  allowed 
to  stand  for  one  day,  alcohol  at  60®  C.  for  one  hour. 

Estimate,  per  cubic  centimeter  of  serum,  three  milli- 
grams. 
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4.  Precipitated  in  acetone,  covered  with  ether  and  allowed 
to  stand  for  three  days,  alcohol  at  60®  C.  for  two  days. 

Estimate,  per  cubic  centimeter  of  serum,  2.7  milligrams. 

5.  Alcohol  at  60®  C.  for  five  days. 

Estimate,  per  cubic  centimeter  of  serum,  3  milligrams. 

6.  Alcohol  at  60®  C.  for  four  days,  acetic  ether  for  two 
days;  extract  evaporated  to  dryness,  more  alcohol  added 
for  saponification. 

Estimate,  per  cubic  centimeter  of  serum,  2.66  milligrams. 

It  seems  probable  that  the  variations  in  these  results  are 
accidental,  rather  than  that  they  indicate  a  positive  advantage 
of  some  of  the  methods  used  over  others. 

In  all  the  instances  cited  the  serum  coagulum  was  thor- 
oughly washed  in  alcohol  and  the  fatty  acids  were  saponified 
by  boiling  with  sodium  hydrate  for  two  hours.  We  have 
not  determined  the  minimal  quantity  of  sodium  hydrate 
necessary  to  effect  the  desired  reaction,  nor  the  exact  length 
of  time  required  for  boiling.  One-tenth  gram  of  sodium 
hydrate  to  one  cubic  centimeter  of  serum,  boiled  for  two 
hours,  has  given  satisfactory  results;  it  is  possible  that  a 
much  smaller  quantity  would  be  sufficient. 

In  order  to  determine  the  effect  of  this  treatment  upon 
the  quantity  of  cholesterol  we  dissolved  pure  cholesterol  in 
alcohol,  added  sodium  hydrate  and  boiled  for  two  hours, 
recovered  the  cholesterol  with  ether,  dissolved  it  in  chloro- 
form and  estimated  the  amount  by  comparison  with  the 
standard  solutions.  The  results  indicated  that  no  cholesterol 
was  lost. 

Instead  of  precipitating  the  soap  with  calcium  hydrate  it 
is  possible  to  evaporate  the  extract  almost  to  dryness  and 
then  extract  the  cholesterol  with  ether.  But  it  is  difficult, 
on  account  of  the  presence  of  glycerine,  to  dry  the  flask ; 
we  have  found  it  more  convenient  therefore  to  precipitate 
the  soap  with  calcium  hydrate  and  then  filter  off  the  glycer- 
ine. We  have  made  a  practice  of  testing  the  filtrate  for 
cholesterol,  but  have  never  obtained  the  faintest  trace  of  a 
reaction.     We  have  tested  the  method  further  by  extracting 
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two  samples  of  the  same  serum  by  the  same  method  up  to 
the  conclusion  of  the  saponification,  after  which  one  was 
extracted  with  ether  from  the  dried  flask,  while  the  other 
was  precipitated  with  calcium  hydrate  and  filtered.  The 
quantitative  estimates  obtained  from  the  two  extracts  were 
identical. 

3.  Recovery  of  pure  cholesterol  added  to  serum.  —  In 
order  to  establish  the  validity  of  the  method  of  extraction 
we  added  pure  cholesterol  to  six  samples  of  serum,  one 
milligram  being  allowed  for  each  cubic  centimeter  of  serum ; 
these  were  extracted,  side  by  side  with  normal  samples  of 
the  same  sera,  by  the  method  recommended.  The  treated 
specimens  were  prepared  in  the  following  manner:  .25  cubic 
centimeter  of  the  stock  solution  containing  .01  gram  of 
cholesterol  to  one  cubic  centimeter  of  chloroform  was  meas- 
ured into  a  bottle,  and  the  chloroform  was  evaporated ;  a 
small  quantity  of  ether  was  poured  into  the  bottle  and,  while 
the  cholesterol  was  in  solution  in  the  ether,  2.5  cubic  centime- 
ters of  serum  were  added ;  as  the  ether  evaporated  crystals 
appeared  on  the  surface;  the  bottle  was  shaken  and  was 
allowed  to  stand  open  for  several  hours,  after  which  alcohol 
was  added  and  the  extraction  was  carried  on  as  usual.  The 
results  of  this  experiment  are  shown  in  Table  I.  Seven 
estimates  were  made  upon  each  extract,  and  the  results  of 
the  seven  observations  are  given  in  full,  followed  by  the 
average. 
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Table  L 
(^Milligrams  per  cubic  centimeter,) 


Individual  Estimatec 

I. 

Serum  i ■•..... 

\A 

1.66 

I-7S 
a.7S 

1.66 

1.7s 
a.7S 

a 

1.75 
3 

1.74 

a.S4 

I  +  I  milligram 

a.7S 

a^ 

3 

3 

Serum  a.. 

a 

3.33 

a.33 
3.33 

a 

a 

a.33 
3 

a.33 
3 

a.18 

a  +  I  milligram 

35 

3 

3 

3.16 

Serum  3  a 

1.6 

i.S 

«.5 

i-S 

1.6 

».s 

i-S 

>S3 

Sensm  3  b 

».7S 

1.6 

1.66 

».s 

>.s 

1.6 

>.7S 

1. 6a 

3  +  1(0  miUigram 

a.66 

3 

3 

3 

3 

3 

3 

a^ 

Serum  4 

I. a 

i-S 

J.75 

1^ 

i-S 

IS 

1.6 

i-Sa 

4  -(-  I  milligram 

as 

as 
1.5 

a.66 

a.S 

a.S 

a.33 

a.66 

a.Sa 

Serum  5 

I. a 

i-S 

1.6 

X.6 

1.5 

».s 

1^ 

5  +  I  milligram  ....... 

a 

as 

a.33 

a.33 

a.33 

a.S 

a.S 
1.6 

a.3S 

Serum  6 

I. a 

i.aS 

«.s 

1.6 

».s 

>.s 

MS 

6  +  I  milligram 

a 

a-S 

a.33 

a.33 

a.S 

a.33 

a.S 

a.34 

In  the  case  of  Serum  3  there  is  evidently  an  error ;  the 
estimate  shows  an  increase  in  the  treated  specimen  of  more 
than  one  miUigram  to  the  cubic  centimeter  of  serum,  and  it 
is  plain  either  that  more  than  2.5  milligrams  of  cholesterol 
were  added  to  this  specimen  or  else  that  the  normal  speci- 
mens were  imperfectly  extracted.  As  we  had  some  of  the 
serum  on  hand  at  the  time  when  the  discrepancy  was  discov- 
ered we  extracted  a  second  normal  sample  and  the  estimates 
made  upon  the  two  extracts  are  given  separately.  If  the 
larger  estimate  is  accepted  the  treated  specimen  shows  an 
excess  of  .33  milligram  of  cholesterol  to  the  cubic  centime- 
ter of  serum.  We  think  it  probable  that  .35  cubic  centime- 
ter of  the  cholesterol  solution  was  pipetted  into  the  bottle 
instead  of  .25  cubic  centimeter.  This  would  fully  account 
for  the  excess  and  the  treated  specimen  would  in  this  case 
show  a  loss  of  .07  milligram  to  the  cubic  centimeter. 
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4.  Estimates  obtained  from  individual  sera. — The  serum 
used  in  this  investigation  was  obtained  from  various  sources. 
Many  attendants  employed  in  this  institution  voluntarily 
contributed  from  ten  to  two  hundred  and  fifty  cubic  centi- 
meters of  blood.  While  the  experiment  was  in  progress  the 
sera  of  over  sixty  patients  were  tested  for  the  Wassermann 
reaction,  and  any  serum  remaining  after  the  Wassermann 
test  had  been  made  was  used  in  these  experiments. 

The  estimates  of  the  cholesterol  content  of  fifty-two  sera 
are  given  in  Table  II.  Each  estimate  represents  the  average 
of  all  the  observations.  In  order  to  increase  the  number  of 
individual  determinations  we  included  in  this  table  the  esti- 
mates obtained  from  the  sera  of  twenty-four  insane  patients. 
All  the  subjects  were  males  except  Nos.  21,  28,  48,  5  i»and  52. 
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Normal  Subjects. 

Insane  Subjects. 

Number  of 
Obienrationa. 

MiUigrams  Choles- 
terol per  cc.  Serum. 

Number  of 
Observations. 

Milligrams  Choles. 
terol  per  cc.  Serum. 

I  — 

2.55 

29.... 

3 

1.65 

2.... 

1.72 

30.... 

3 

1.65 

3..-- 

12 

1-5 

31... 

3 

1.62 

4.... 

1.81 

32.... 

3 

1.39 

5.... 

2.23 

33.... 

6 

I.81 

6.... 

1.48 

34- • • • 

6 

2.0X 

7.... 

1.77 

35-. •• 

4 

I.I7 

8.... 

1.6s 

36.... 

3 

1.27 

9.... 

1.52 

37.--- 

4 

2.25 

10 

I.4S 

38.... 

6 

2.22 

II 

m 

1.94 

39...- 

6 

1.78 

12 

1.48 

40.... 

6 

2 

13... 

i.6s 

41.... 

6 

1.52 

14.... 

2.22 

42.... 

8 

1.47 

15.... 

1-55 

43.--- 

6 

1.65 

16.... 

1.62 

44.... 

6 

1.27 

17.... 

2.03 

45.... 

6 

1-39 

18.... 

2.68 

46.... 

6 

1.97 

19.... 

2.35 

47.... 

6 

1-73 

20 

2.18 

48.... 

7 

2.91 

21 

1.96 

49.... 

6 

2.97 

22 

1.50 

50.... 

6 

1.78 

23.... 

«-52 

51.... 

5 

1.60 

24.... 

1.36 

52.... 

7 

1-23 

25.... 

7 

1.86 

26.... 

6 

2.72 

27.... 

7 

1.46 

28.... 

7 

2.66 
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The  estimates  of  the  cholesterol  content  of  sera  obtained 
from  fifty-two  persons  average  1.82  milligrams  to  the  cubic 
centimeter  of  serum,  and  the  range  of  variation  is  from  1.17 
to  2.97  milligrams. 

The  average  for  the  twenty-eight  normal  subjects  is  1.87 
milligrams,  with  a  range  of  1.36  to  2.68  milligrams;  and  the 
average  for  the  twenty-four  insane  subjects  is  1.76  milli- 
grams, with  a  range  of  1.17  to  2.97  milligrams. 

These  observations  indicate  that  the  cholesterol  content  of 
serum  varies  very  widely  among  normal  persons.  Any 
attempt  to  determine  the  pathological  significance  of  choles- 
terol variations  would  require  first  a  much  larger  number  of 
normal  specimens  of  serum  than  it  was  possible  for  us  to 
obtain. 

5.  Reliability  of  colorimetric  determinations  of  choles- 
terol in  serum.  —  The  amount  of  error  involved  in  extract- 
ing the  cholesterol  from  2.5  cubic  centimeters  of  serum  may 
be  estimated  from  the  data  given  in  Table  I.  In  the  case  of 
Serum  3,  the  average  estimates  of  the  two  extracts  of 
untreated  serum  may  be  compared.  In  the  other  cases  it  is 
known  that  the  treated  serum  contained  one  milligram  of 
cholesterol  to  the  cubic  centimeter  in  excess  of  the  normal 
serum,  and  the  difference  in  the  completeness  of  the  two 
extractions  is  indicated  by  the  difference  between  the  deci- 
mal figures  of  the  average  estimates  of  a  given  pair.  These 
differences  are  shown  in  Table  III. 

The  error  involved  in  the  comparison  of  the  tubes  is 
indicated  by  the  variations  in  the  different  estimates  made 
upon  a  given  extract,  as  shown  in  Table  I.  If  the  average 
of  the  seven  estimates  may  be  accepted  as  the  nearest 
approach  to  the  actual  amount  that  can  be  made  by  this 
method,  all  deviations  from  this  average,  either  above  or 
below,  indicate  inaccuracies  in  observation  or  in  the  prepara- 
tion of  the  solutions  observed.  The  average  deviation  from 
the  accepted  estimate  of  each  extract  is  shown  in  Table  III. 
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Table  in. 
(^Compiled from  Table  /.) 


Serum  i | 

Serum  2 | 

Serum  3 •! 

Semm  4 \ 

Serum  5 \ 

Serum  6 \ 

Average 


Average  Deviation  from 

Average  of  Seven 

Observations. 


.084 

'.lis 

.083 

.04 

.084 

.II 
.079 

.0S6 
•X23 

.129 

.121 
.108 


Difference  between 

First  and  Second 

Extractions. 


.02 


.09 


•13 


.075 


The  errors  in  extraction  are  due  in  large  part  to  the  diffi- 
-culty  of  handling  so  small  a  quantity  of  serum,  and  the  per- 
centage of  error  could  probably  be  considerably  reduced  by 
using  larger  quantities. 

It  is  possible  that  individual  estimates  of  a  given  extract 
could  be  made  more  accurate  by  using  as  the  standard  a 
series  of  cholesterol  solutions  ranging  from  .0001  to  .0002 
gram  to  one  cubic  centimeter  of  chloroform,  increasing  by 
.00001  gram.  This  would  require  more  serum  extract  for 
preliminary  tests,  and  for  this  reason  we  have  not  tried  it. 
We  have  attempted  rather  to  reduce  the  total  error  by 
making  several  observations  upon  each  extract. 

These  estimates  upon  individual  sera  do  not  represent 
uniform  accuracy  of  observation.  The  sera  numbered  from 
29  to  38  in  the  table  were  extracted  and  observed  before  we 
had  fully  mastered  the  technic  of  the  method,  and  the  sera 
numbered  from  7  to  16  were  tested  with  chloroform  of 
domestic  manufacture.     We  cannot  exclude  unsatisfactory 
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observations  without  making  arbitrary  distinctions^  and  we 
are  unable  to  obtain  material  for  carrying  the  research 
further;  it  seems  best  therefore  to  offer  these  figures  as 
they  are. 

SUMMARY. 

The  yield  of  cholesterol  from  quantities  of  serum  as  small 
as  two  cubic  centimeters  can  be  quantitatively  estimated  by 
the  colorimetric  method. 

It  is  not  necessary  that  the  cholesterol  be  extracted  in  a 
pure  state.  By  the  technic  which  we  recommend  it  may  be 
obtained  sufficiently  pure  to  give  the  reaction  which  is 
characteristic  of  cholesterol. 

Pure  cholesterol  added  to  serum  can  be  recovered  quanti* 
tativcly,  together  with  the  cholesterol  contained  in  the  serum, 
by  the  method  recommended. 

Estimates  obtained  from  fifty-two  individual  sera  range 
from  1. 1 7  to  2.97  milligrams  of  cholesterol  to  one  cubic 
centimeter  of  serum,  the  average  being  1.82  milligrams. 
Twenty-four  of  the  sera  tested  were  obtained  from  insane 
patients ;  the  estimates  made  upon  these  sera  show  no  con- 
siderable difference  from  those  made  upon  sera  of  mentally 
normal  subjects. 
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